THE SOCIAL WORLD _ 


On LH ANTS ~ -— 


am ° 
se a 
ee 
& ae < 
a 
— 
a © ° 
. - 
eo 


Digitized by the Internet Archive 
in 2024 


https://archive.org/details/socialworldofantO000augu 


AUGUSTE FOREL. 


Frontispiece Vol. II. 


THE SOCIAL WORLD 
OF THE ANTS 


COMPARED WITH THAT OF MAN 


BY 


AUGUSTE FOREL 


Dr. med., Dr. jur. b.c., Dr. phil. bic. 
Formerly Professor at the University of Zurich 
Lauréat de [ Académie frangaise des sciences 
Author of “The Sexual Question” 


‘Translated by 


CO. Kk. OGDEN 
Editor of “Psyche” 


Vot. II 


. 


LONDON & NEW YORK 
G. P. PUTNAM’S SONS, LID. 


First English Edition, February, 1928 


MADE AND 
PRINTED IN GREAT BRITAIN BY 
PERCY LUND, HUMPHRIES & CO LTD 
THE COUNTRY PRESS 
BRADFORD 


TABLE OF CONTENTS 


VOLUME II 
PARTLY 
EXPLANATION OF PLATES AND FIGURES 
INTRODUCTION 
CHAP. 


I ALLIANCES BETWEEN ANTS 


I. 
Dis 


He 


S. 


Alliances between Young nae 
Alliances between Ants of the Same 
Species but of Different Formicaries 


. Alliances between Ants of Different 


Species 

Formicaries which eben remain 
Mixed 

Forced Alliances 


Il EXPERIMENTS OF MISS ADELE FIELDE 


ie 


pace oe 


Miss Fielde’s Preliminary mie 


(1904) 


. Recognition of Sreiae Gacce ee 


Series A, 36. Series B, 39. 


. Miss Fielde’s Hypothesis (1904) 


The Communal Life of Ants (1 gOS) 
Various Special Phenomena in the Life 


of Ants (1907) 


vi TABLE OF CONTENTS 


CHAP. PAGE 
6. The Sense of Smell in Different Seg- 
ments of the Antenna (1915) Ae BES 
+. Criticism of Miss Fielde rs et ego 
III oRDINARY WARS AMONG ANTS Sie cern 
1. Defensive and Offensive Wars eee FOC. 
2. The Weapons of Ants oe eee wie 
3. Wars between Enemies of the Same 
Species oe ' 68 
4. Wars between Bren: of SDiferent 
Species or Races amen a sie nS 
5. Cold-blooded Fighting ee + On 
IV WARS BETWEEN ANTS, OTHER LIVE CREATURES, AND 
NATURE a oe ae ae ee ke: 
Vs PARABIOSIS OF CERTAIN ANTS .. a coe 
VI LESTOBIOSIS AND CLEPTOBIOSIS IN ANTS .. seins 
Te) Westobiosis se £ a ce biligS) 
2.. Cléptobiosisia a. ead a eae) 
VII sLavE-MAKING ANTS... pena ke 
1. Raptiformica sanguinea cual Roned 
Species Me i. PLG 
a. Europe and Northern es 119. , America, 
Baga 
2. Polyergus or Amazon Ants... 130 


a. Europe (Polyergus rufescens), 130. 6. eerie 
and Japan, 147 (1. Polyergus breviceps, 1473 
2. Polyergus bicolor, 148; 3. Polyergus lucidus, 
149; 4. Polyergus samurai, 150). 
3. Harpagoxenus os ne 
1. H. Sublevis, 151. 2. H. Americanus, 152. 
4. ne Slave-making Strongylognathus .. 153 
. Sir, Huberi, 153. 2. Str. Rehbinderi, 155. 
3. Str. Huberi vr. alpinus, 156. 
5. The Story of a Captive Formicary of 


Strongylognathus Huberi vr. alpinus 


i ES 


oe Ow 


PABLESOH “CONTENTS 


PART V 
INTRODUCTION 
CHAP. 
I WARS OF THE VISITING ANTS, or Dorylineg, AGAINST 
OTHER LIVING BEINGS 
I] THE GRANARIES OF HARVESTING ANTS 
III musHROOM-GROWING ANTS 
Bruch’s Researches on the Attini 
IV WEAVING ANTS .. 
VSO ANTS AS JANITORS 
VI tue Rhagomyrmicine 
VII piversa ms i 
1. [Lhe Ponering .. 
2. The Pseudomyrmini 
3. The Cremastogastrini 
4. The Genus Pheidole 
<-> Tree Ants es) me mh 
6. Ants of the Deserts and the Steppes .. 
7. Agile Ants and Sluggish Ants. . 
8. Jumping and Projecting Ants 
EPILQGUE 
i WHAT IS A LIVING CREATURE? 
i1 THE ROLE OF ANTS IN NATURE 
iil ANTS, TERMITES, AND MAN 
iv WHAT CAN WE HOPE FOR THE FUTURE OF 


HUMANITY? ; a Am ae 
International parabiosis of the nations of the 
World sees yy ae mi ye 


Vii 


PAGE 


177 


179 
208 


237 

as 
277 
ZU 


293 
298 
298 
301 
oo 
306 
Neel 
wee 
Gaye} 
Ge 


Sey 
ions 
334 
$165) 


350 


“Vill 


TABLE OF CONEDNE> 
APPENDIX 


THE WAR BETWEEN THE ANTS AND THE TERMITES——A 


STUDY OF THE ORIGIN OF INSTINCT, BY PROFESSOR 


EDOUARD BUCNION 


The ‘Termites, cee The Genesis of Instincts, 
382. Evolution of instincts connected with 
defensive measures borrowed from nature, 384. 
Instincts in connection with the Anatomical 
Structure and the evolution of defensive organs, 
391. Instincts resulting from mental dispositions 
which have proved useful for the conservation 
of the species and have gradually become 
automatic, 393. Differentiation of workers 
and soldiers, 393. Conclusions, 402. 


PAGE 


SENS. 


EXPLANA TION ObSPLALESTANDSEIGCURTS 


PLATE 


Tie 


VOLUME II 
PUA TES 


PART IV 
OPPOSITE 
Battle between ants of the same species 
(Formica pratensis) . . ng a3 42 
Battle between ants of different species 
(Formica pratensis and Tetramorium cespitum) 
Formica pratensis ejaculating poison at an 
approaching man %. es AG 
a. Camponotus Cone chilensis v. 
ruficornis$. Chili t1omm. .. 
b. Polyrhachis (Chariomyrma) Hookeri 3. ae 
tralia. 4:5 mm. 
c. Polyrhachis Ce yee ornata % ane 
tralia. 6-5 mm. 


1Coloured Plates. 


PAGE 


EXPUANA TION OF PLATES i 


PLATE OPPOSITE PAGE 
d. Polyrhachis (Chariomyrma) caulomma8, New 
Guinea. 8-5 mm. - 25 Se LOo 
PART V 
XIV! a. Zacryptocerus clypeatus 3. Brazil 
b. Do. do. 8. Brazil 
ey 1 OTe do. 2. Brazil 
d. Harpagomya splendens stealing igueeake 


from Cremastogaster (Physocrema) deformis 
Q. Java? “8 

e. Camponotus (Colobopsis) De var. jani- 
tor 9. Brazil 


tt lI0: do. do. 
2|. Side view of head. Brazil. 
g. Do. do. do. 


2,. Front view of head. Brazil 
h. Machezromyrma bombycina $. Algeria 


at WO. do. 2|. Front view of 
head. Algeria .. i a 
k. Harpegnathus cruentatus §. Teds - ae e. 


XV a. Polyrhachis (Myrma) Horni 3. Ceylon 
b. Polyrhachis Ypsilon G. Sumatra 
c. Polyrhachis (Chariomyrma) eppendialata i 
Schoope %. Australia .. : e208 


XVI a. Mystrium Voeltzkowt 3, iene 
b. Melophorus Wheeleri 3. Australia. . 
c. Orectognathus sexspinosus 9. Australia .. 316 


1Coloured Plates. 3 

*Though it is not impossible that the position here shown may be adopted 
on occasion, the gnat should in fact, as Donisthorpe has pointed out, face the ant, 
with a posterior pair of legs raised in the air. Jacobson’s actual photographs 
will be found in Tijd. y. Ext., 54, plates 12 and 13 (1911). 


x EXPLANATION OF PLATES 


PLATE OPPOSITE PAGE 
eV Lie “ “5 ats ey. é Lie BESSA 
XVIII x a = ee a Sete 
oleae By i - on _ en 92) 
© eae 2 a a = = me 
X Xi et fa one o. oe IMMEDIATELY FOLLOWING xX 

OPPOSITE PAGE 
xT * i es is e ee ee 
XXIII ve S es ae a ee eh) 
XXIV ee bs a Re a ee ene 


FIGURE SSING DH Tia 


Except where it is otherwise stated, all these figures 
have been drawn or painted from nature by E. Heinrich, 
or taken from my own works. 


PART IV 

FIG. PAGE 

96. Raptiformica sanguinea ® executing a Formica 
pratensis § in cold blood. Europe. . ce eee 


97.  Tapinoma erraticum § immobilizing the anten- 
nz of a Formica pratensis 3 with the sec- 
retion of her anal glands, Europe. . Loe eee 


98. lormica exsecta 3 beheading a F. pratensis §. . 
Hurocpessa: ree - - Lo Re 


99. Parabiosis. Cremastogaster limita r. parabiotica 
and Dolichoderus (Monacis) debilis v. para- 
biotica running together in one body. One 
Cremastogaster raises her abdomen. Those 
returning to the nest have swollen abdo- 

mens (crops). Colombia. Magnified 4-5 


times 103 


EXPLANATION OF FIGURES al 


FIG. PAGE 
100. Parabiosis. Cremastogaster scutellaris 8 and 
Camponotus (Orthonotomyrmex) lateralis. 
Europe and Algeria. (After C. Emery). 
A. Both species running on a_ branch; 
life-size. B,C. Cr. scutellaris, magnified. 
D. Orthonotomyrmex, magnified .. meetOS 


101. Lestobiosis. Section of nest of Solenopsis fugax. 
The narrow passages belong to Solenopsis, 
the wide to Formica. ae as, 
Wasmann) ay = 11st 


102. lLestobiosis. Nest of Solenopsis oe hollowed 
out in the walls of a nest of Formica fusca. 
Europe... i re ee re cate 


For. Large chambers of Formica nest; coarse grains of 
soil. W. Walls of Formica nest. §. Chambers of 
Solenopsis nest; fine grains. S.@. Narrow passage from 
one nest to the other. 
103. Phenomenal polymorphism in Carebara vidua 


(lestobiosis). Q and 9, 24 times magnified, 


but in true proportion. Tropical Africa.. 113 
104.  Strongylognathus ey ald (parasite). Europe. 

(After Wheeler). ee ee aye 
105. Plundering raid by Rayner rufescens eter 

ant). Europe. (After André) .. i EGE 
106A. Formica rufibarbis § seizing the leg of a Polyer- 

gus rufescens, which has stolen a cocoon... 141 


106B. The P. rufescens releasing the cocoon and 
piercing the F. rufidarbis through the brain; 
another rufibarbis § approaching the cocoon 141 


o6C. The first rufidarbis dying; the second escaping 


with the rescued cocoon. : ee 


xi 


FIG. 
TOF, 


108. 


109. 


IIo. 


INR ALS 


I WAG 


EXPLANATION OF FIGURES 


PART 


A. Anomma nigricans 3. B. Anomma Wil- 


werthi 9. C. A. nigricans 2 (large 9). 


D. A. nigricans medium §. E. A. nigricans 
small %. Tropical Africa. Magnified rather 
less than twice. (After Emery) 


Eciton hamatum; from top to bottom, small §, 
two medium 3, and 2|. Brazil. (After 
Wheeler) . = oe vs 


ioe ieee Minuscnld ale, ee Ponte 
Revelierei 2 and 8. Tunis and Corsica. 
(After Santschi, Emery, and Wheeler) 


Messor barbarus % carrying a seed in its husk. 
S. Europe. (Original drawing by Emery, 
adapted by Heinrich under my direction). . 


Vertical section of nest of Pogonomyrmex 
occidentalis. N. America. (After Wheeler) 


Nest of Oxyopomyrmex Santschii with granaries. 
Tunis. (After Santschi) 


Head of Oxyopomyrmex Santschii, side view. 
Tunis 


. Atta fervens ® cutting leaves from a bush. 


Central America. (After André, but altered 
by Heinrich under my direction). . 


. Atta fervens ¥ a aecuteteat=  Genttar 


America .. 


Multiple fungus- ee built in earth e 


Atta Vollenweideri. Argentine, (Photo. by 


Bruch) 


PAGE 


roo 


206 


210 


Chey) 


229 


230 


238 


233 


244 


Pal 


EXPLANATION OF FIGURES 


Typical nest of Acromyrmex Lundi. (Photo. a 
Bruch) 


. Fungus-garden of Acromyrmex Moelleri, seen 


through microscope. S. Brazil. (After 
Moller) 


. Fungus-garden of nn strigatus, seen 


through miscroscope. Brazil. (After 
Escherich) ae - 
Full-grown fungus Khozites gongylophora. 
Brazil. (Photo. by Moller; after Emery). . 
Apterostigma Bruchi 3. Argentine. rege 
by Bruch). : 
Nest and Maer tee of ye same. (Same 
source) a es 
Vertical section of nest and fungus-gardens 
of Acromyrmex (Moellerius) Silvestri. Argen- 
tine. (After Bruch) ” 


‘Cyphomyrmex Wheeleri 3. U.S.A. (After 


Wikeelér)s.., 
First stage of fungus-garden of Acromyrmex 
Lundi. Argentine. (Photo. by Bruch) .. 
Second stage (same source). . 
Third stage (same source) 


Atta sexdens 9 manuring the fungus-garden in 
herscell Para, Brazil. (After...) uber). 
A. Taking her sae Ee Saace it on the 
garden : 

Vertical section of the nest in Fig. 115, with 
Dr. Bruch beside it to show size. (Photo. 
by Bruch) 


Xi 


PAGE 


248 


250 


258 
Zok) 


ae) 


256 


261 
263 
265 


266 
ZO 


268 


275 


X1V 


FIG. 


Toe 


129. 


130. 


iggae 


1325 


139: 


135. 


17 


138. 


EXPLANATION OF FIGURES 


CEcophylla smaragdina weaving in chain forma- 
tion. Ceylon. (After Bugnion) 


Bcophylla tee eee os ops 
Bugnion .. 


Bcophylla me seizing larva for shuttle. 
(After Bugnion) . 


Party of Hcophylla holdite two leaves rene 
while other 3 underneath weave with the 
larve. (After Doflein) 


Tissue woven by Cécophylla re HAS 


between two leaves 


A. Larva of Tetramorium caspitum. re 
(After Karawaieff.) B. Larva of Qcophylla 
smaragdina. India. (After Doflein) 


Tissue woven by Polyrhachis Ferdoni between 


leaf-débris. Ceylon 


Camponotus (Colobopsis) culmicola in hollow twig 
of Cladium. Jamaica. (After Wheeler.) 
A. Empty nest with ant’s doorway. B. 
Inhabited nest, with 2| closing the hole with 
its truncated head. . 


Nest of Camponotus (Colobopsis) truncatus in 
dry pear-branch, with 2| closing the hole 
with its truncated head. Head of the 2], 


- front view. Switzerland. . 7 - 
Oé. Closed mandibles. St. Forehead. Wa. Cheeks. 


Head of Camponotus (Colobopsis) Sommeri 


medium § (semi-porter). New Caledonia. . 


Cryptocerus (Cyathocephalus varians. Antilles. 
(After Wheeler): A. 4. BeOg@mam 


PAGE 
277 
278 


278 


279 
279 


280 


288 


289 


290 


296 


PART IV. 


— 


Part IV 
INTRODUCTION 


In Volume I we described the bodily structure, sensa- 
ons, psychology and dwellings of ants, as well as the 
utine within their nests and the various guests and 
arasites which infest them. We have now to discuss their 
utside relations with others of their own kind, that is, with 
ther ant-communities. Here, alas! we are inevitably 
sminded of the horrible massacres which sapped the life- 
lood of humanity some ten years ago in the human world- 
ar. I trust that we may learn from this tragedy such 
ractical wisdom as will disgust us for ever with the 
sane wars between man and man, mostly waged in the 
ame of national chauvinism, falsely termed patriotism. 
his is the sentiment which stirs up passions of hatred in 
yor working-men who desire with all their heart that 
ace shall reign between the nations ; the chief advantage 
it all is reaped by infamous profiteers and usurers, 
dividual or collective, whose sole aim is to gain money at 
e expense of their neighbours or of other nations. 

Among the ants and termites, however, wars have a 
tally different character. They are exclusively collective, 
els and individual battles being practically unknown. 
oreover, war between more than 3,000 distinct species, a 
ge number of genera and five sub-families, whose 
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members differ greatly in size, not to mention races and 
varieties, is more like war between mice, men, wolves or 
elephants than war between man and man. We must also 
excuse the ants on the ground that they cannot embark upon 
the seas, and that no mariner’s compass or Christopher 
Columbus has ever given them any idea either of the 
relative pettiness of our earth, or of its humble condition 
as a satellite of the sun, or of any ‘world-wide formicity’ 
which might be conceived as a result of such knowledge. 
We must not forget that 500 years ago we were almost 
equally ignorant, and all races of men believed that the 
universe revolved round themselves. Lastly, ants are 
guided almost exclusively in their war-making by a col- 
lective instinct for the conservation and nutrition of their 
formicary. Plastic adaptation, acquired by individual 
memory, plays but a modest part in the matter. At the same 
time, this part is not negligible; of this we have irrefutable 
proof in the fact that the alliances made by one species may 
vary according to circumstances. Hence we must take all 
these fundamental differences into account when comparing 
ant-wars with our own ; ants are not men. 

While the termite-wars so well described by Professor 
Bugnion in the appendix to this Volume are purely defensive 
the wars which ants wage against termites are always 
offensive, and those they wage among themselves are 
offensive or defensive, according to circumstances. 

Part IV will be divided into seven chapters :— 

I The first refers to a few fundamental experiments of 
my own, carried out before 1874, with regard to natural and 
artificially induced alliances between ants. 

II This is followed by a summary of the remarkable 
experiments of Miss Adele Fielde on the gradations of 
friendship and hostility in ants according to odour, age, sex, 
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species, etc. Miss Fielde has made a very profound study 
of the details of this question. 

III Our third chapter is devoted to the ordinary wars, 
offensive and defensive, which take place between ants, 
whether of the same species or different species, but of 
lifferent communities or formicaries. These wars vary 
widely in intensity and bitterness according to the adapta- 
ions of instinct and according to circumstances, and form 
ransitional stages to alliances and parabiosis. 

IV The theme of our fourth chapter is the warfare waged 
yy ants against other living creatures. For most of the facts 
concerning wars against the termites, however, I must refer 
ny readers to Professor Bugnion’s Appendix. He is no 
nore of a Bolshevist than I, but I believe in Socialism—and 
herein we differ. 

V The fifth chapter acquaints my readers with the curious 
ases of parabiosis which I discovered for the first time in 
~olombia in 1896. 

VI Lestobiosis or collective synechthry is discussed in the 
ixth chapter. This also may take place between ants and 
ermites. 

VII Finally, in chapter seven, we describe the slave- 
1aking instinct in ants, which is very different from human 
lave-making. For the discovery of this instinct we are 
idebted to Pierre Huber and his admirable researches of 
810. 

We shall then realize more clearly the falsehood of 
esar’s too-famous utterance: ‘ If you want peace, prepare 
or war! ’—a thousand times no! If you want peace, 
repare for it by disarming all men and organizing them in 
cordance with a true labour socialism of peoples that elect 
1 themselves a supernational authority, supervised by them 
ad responsible to them. We should accomplish this by 
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means of an international alliance based upon that of the 
polycalic formicaries and combined with that of the mixed 
colonies. Even then, we shall still have enough natural 
enemies outside the human race, and enough work within 
it to keep the national and supernational police quite busy. 


Chapter I 
ALLIANCES BETWEEN ANTS 


In order to understand the reason for wars between ants, 
we need to study the reason for their alliances, whether 
between different formicaries of the same species or between 
different species and even sub-families. While discussing 
guests in Chapter IV of Part II, we have seen various ants 
adopting and feeding all kinds of beetles, flies, crickets and 
mites, and sometimes rearing their brood. There is nothing 
strange, therefore, in the fact that they make alliances from 
time to time with those of their own kind, and set up mixed 
formicaries. 

As a young man I made a number of observations and 
experiments on this subject, which was then in its infancy, 
and wrote down my results day by day. In 1874 I incor- 
porated them in my book on Les fourmis de la Suisse, the 
second edition of which appeared in 1920 at Chaux-de- 
Fonds (Le Flambeau). My readers will pardon me if I here 
reproduce the most important of these statements. 

I ALLIANCES BETWEEN YOUNG ANTS. [aking as my starting- 
point the fact that newly-hatched ants are often stolen during 
the nymph stage by slave-making ants, and that they cannot 
afterwards distinguish between enemies and comrades, I 
devised the following experiments : 

“I decided to place in a glass-covered box young ants of 
three different species, giving them naked nymphs and 
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cocoons of six species to care for. They had to be chosen 
very young and placed close together, as in certain species 
three or four days of life suffices to give a newly-hatched 
ant some power of recognizing an enemy. Hence I put into 
my glass-covered box well-matured nymphs of FP. pratensis, 
exsecta, fusca, rufibarbis, sanguinea and C. ethtiops, and left 
them in charge of some young & of exsecta, sanguinea and 
rufibarbis taken from various formicaries. In a corner of the 
box I put some damp earth, and above it a piece of glass. 
After a short time the young ants of the three species, 
working in harmony with each other and showing no 
inclination to quarrel, carried nearly all the nymphs under 
the piece of glass and there set up a common establishment. 
One of the rufiharbis 9, slightly older (darker) than the 
others, kept apart from them and established herself at the 
other end of the box with a cocoon. I tried several times in 
vain to make her come near the others; she persisted in 
shunning them and returning to her corner with her cocoon; 
in the end, however (but not until the next day) she decided 
to join forces with these “enemies,’ as she could not avoid 
them. 

When the experiment had continued for a few days 
I had the pleasure of seeing new young ants hatched in my 
box, and on watching attentively I saw some F’. exsecta and 
rufibarbis occupied in opening a few cocoons, drawing out a 
nymph from each and aiding her, by means of delicate 
manipulations with their mandibles, to rid herself of herold 
skin. Some F. exsecta were the first to see the light, but I 
soon beheld some Ff. rufibarbis opening cocoons of F. fusca 
and f. pratensis. In general, however, it was apparent that 
every kind of ant preferred to bring out nymphs of her own 
species. Only the cocoons of C. ethiops were neglected; the 
young © did indeed open one or two of them, but the 
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nymphs inside perished. I thus had the pleasure of seeing a 
small formicary come to life under my eyes, under con- 
ditions of extreme artificiality, consisting of five different 
species living together on the best possible terms. This 
experiment gave me occasion to observe that among the 
nymphs of F. pratensis which the 8 drew out of their 
cocoons, some were still almost white and others already very 
dark, of a black or yellowish tint; there were also some of 
intermediate colours. They all flourished to an equal 
extent, but the darker ones almost immediately became 
robust, energetic ants, whereas the others remained weak 
and idle for several days. This fact, which I have frequently 
confirmed since then with other species, seems to prove that 
ant-nymphs are able to hatch at different degrees of maturity; 
there is no fixed moment of hatching, before or after which 
success would be impossible, but the workers bring them 
forth at will, sometimes earlier and sometimes later, to suit 
their convenience. 

About ten days after the experiment began, several of the 
first S of my box had already become darker. I was then 
obliged to absent myself. Before setting out I placed my 
formicary in front of a crack in the wall, wherein the ants 
hastened to install themselves. I then went in search of some 
more young workers of F’. fusca and pratensis, in the hope of 
reinforcing this community of my own rearing. But the new- 
comers were never welcomed; when they tried to get into 
the nest, the older inhabitants first threatened them with 
their mandibles, then seized hold of them, dragged them a 
certain distance away and abandoned them. Several times 
did I replace these new ants in front of the nest in vain; the 
old ones rejected them every time with the same show of 
anger. Most decidedly, therefore, they had formed an 
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2, ALLIANCES BETWEEN ANTS OF THE SAME SPECIES BUT OF 
DIFFERENT FoRMicaRiEs. In 1874 I wrote as follows on this 
subject :-— 

“Ants of the same species but of different formicaries will 
fight to the death when the two parties are separated from one 
another, placed under favourable conditions, well established 
and left in freedom, without anything to worry them; the 
combat becomes half-hearted or spasmodic when one of 
the two, at any rate, is placed under difficult circumstances, 
and then it usually ends in a definite alliance; when the 
circumstances are the worst possible, and especially when’ 
there are only a very few workers to each formicary, no 
combat takes place; the alliance is immediate, or almost so. 
Once an alliance is made, it cannot be unmade. There are 
exceptions, however, to all these generalities. 

a One summer evening in 1858 or 1859, I filled a bag 
with some F\ praiensis taken from seven or eight formicaries 
a great distance apart, and on returning I poured them all out 
at the foot of a lilac-tree. By the next day they were all 
working harmoniously together and founding a common 
nest. A few days later, 1 filled a new bag from another 
formicary of F. pratensis and deposited it near the lilac-tree, 
by the side of the others. A fierce combat began almost 
immediately; some of the newcomers were killed, while 
others fled with their cocoons and sought another home. 

6 On March 8th, 1868, I found two nests of Leptothorax 
acervorum; 1 managed to remove in one piece the bark con- 
taining the first nest, which I will call A, but was unable to 
obtain possession of the second, which I will call B, except 
by gathering the 9, the fertile 2 and the larve in a handker- 
chief. B, however, was larger than A. On arriving home I 
covered my table with a cloth, placed in the middle of it the 
piece of bark containing the A Leptothorax and poured out 
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the others beside it. The A Leprothorax were somewhat 
timid, and clung to the bark; then when the B ants found 
that they were one family on this cloth, they hastened to 
invade the piece of bark, in which they soon discovered 
small openings leading to nest A. They immediately worked 
their way in and transported their larve thither. At first not 
a single A ant was seen to emerge and show any resistance 
but the scene quickly changed, and I saw several Leptothorax 
coming out of holes in the bark, and struggling to draw 
others along bythe legs. One of the armies, and I ascertained 
definitely by various signs that it was B, held the upper part 
of the nest, for several of its S were occupied nearly all the 
time in pulling one member of the other party away from it, 
and the B continued to take their larve into the nest. These 
combats were not of a lively character; no stings were 
brought into action, and moreover, as this species is ex- 
tremely tough and robust, the champions actually sustained 
no injuries worth mentioning. Soon, however, | saw more 
and more clearly that the B’s were engaged in dragging out 
of the nest, one by one, all the A ants, including the females, 
with the obvious purpose of establishing themselves in their 
place. But the A’s, not knowing whither to turn, refused 
to run away and tried instead to return to their nest. This 
fact occasioned some very comical scenes. The B’s, ex- 
asperated to see that the A’s were hurrying back to the 
nest as soon as they were released, took to seizing them one 
after the other by the thorax or a leg, carrying them a long 
way off, as far as 3 or 4 centimetres from the piece of 
bark, and depositing them, probably supposing that they 
would not dare to return. Feeling themselves to be weaker 
than their foes, the A’s folded up their legs and antenne 
and allowed themselves to be carried. But directly they were 
free, they walked straight back to the nest, often arriving 
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as soon as those which had borne them. I watched this 
process with amusement for some time, and I noticed that 
the B’s were carrying the A’sto greater and greater distances. 
At last a B arrived with her burden at the edge of the 
table. Here there was plainly a sheer precipice before her, 
and she therefore stopped short. I saw her thrust out her 
head towards the gap, lift the A worker she was carrying, 
still with folded limbs, open her mandibles and drop her on 
the floor. She then waited a moment longer and returned 
the way she had come. I carefully picked up the A ant, which 
was already running about on the floor, and placed her 
back on the table in front of the B worker, which was 
journeying home to the nest. As soon as the B perceived her, 
she seized her and bore her once more to the edge of the 
table, stretched her neck yet farther forward than she had 
done the first time, and threw or rather dropped her enemy 
to the ground again. I repeated the experiment twice more 
and obtained the same result; the undaunted B Lepsothorax 
set about her task again every time. 

I then placed the piece of bark, with all the ants scattered 
over it, ina glass flask. The fight continued for several days 
inside the flask, exactly as described above. The A’s which 
were turned out of the nest by the B’s returned to it every 
time. Two or three A % even sustained fairly severe 
injuries, their legs and antenne being cut off. Little by 
little, however, the B’s discarded their unavailing rancour 
and gazed with a puzzled air at the A’s in their nest (which 
they did not kill inside the nest, for in that case I should 
have seen them throwing out the corpses as they always do 
under the circumstances). But their fury was concentrated 
upon two fertilized A Q, one light and the other dark in 
colour, and upon three or four § which they dragged about 
and harried unceasingly. I saw a B Lepsothorax carrying 
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one of these 2 for several hours round the bottom of the 
flask without depositing her. Down in their prison, these 
few hapless victims wandered disconsolately about; the dark 
? and one or two § soon died. Eight or ten days later the 
light 2 was left alone, and even admitted into the nest; 
henceforth I saw her go in and out without molestation, and 
all brawling thereupon ceased.” 

e During a fierce fight between three Formica pratensis 
| formicaries, A, B, and C, in which a number of & from each 
party were killed, and which was terminated by the defeat 
and flight of the B’s and C’s, I made the following counter- 
experiment :— 

“While the combat was raging, I took four A § from the 
part of the column nearest the nest, so that I could make sure 
what I was doing, and three C § chosen with the same care. 
I put these seven ants together in a glass flask. No fighting 
whatever took place, but they first separated into two 
groups, the three C’s on one side and the A’s on the other 
(I recognized them by their size, as I had chosen them for this 
purpose). I then shook the flask in order to mingle them; 
they ran over one another, without displaying either anger or 
fear, and then separated into two new groups, one consisting 
of three A’s and the other of three C’s plus one A. These 
two groups remained separate for two days, one of the A’s 
standing faithfully beside the C’s, and on perfectly good 
terms with them. I then placed them all in a small vase, 
where they united in one group and lived together amicably 
till the end, without even a preliminary quarrel. 

The pratensis, A, B, and C, were all true pratensis ; | 
examined them carefully; and found that formicary A 
differed from the others only in containing more small and 
medium-sized individuals than the two others. 

The formicaries of F. sanguinea are not very large. As | 
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have often required a large number of these ants, it has been 
my lot on scores of different occasions to fill a bag with five 
or six different formicaries and empty it in some meadow, 
generally near the nest of another species. I have then 
frequently observed the sanguinea of the different formi- 
caries pulling each other about and even engaging in fairly 
sharp individual combats, but this performance nearly 
always ended in a complete alliance. On the other hand, 
when I carried the sazguinea of one colony and put them 
near to the nest of another, battles took place between 
them as between the A, B and C prazensis; each time this 
happened there was a fierce struggle resulting in several 
casualties, and the newcomers were forced to flee.” 

3 ALLIANCES BETWEEN ANTS OF DIFFERENT SPECIES. First of 
all, I should like to quote here the normal circumstances of 
a petty war which proves that mixed formicaries do not 
always arise from the parasitism of the fecundated queen, 
the founder of a colony, upon another species. 

“Thirty paces away from a large sanguinea formicary with 
which I had long been acquainted, a very small pratensis 
formicary had recently been established beside a vine. 
One fine day, I stopped near the sanguinea and saw that a 
thick column of their § was filing in the direction of the 
pratensis nest; | followed them, and soon perceived some 
sanguinea %, coming back laden with enormous @ or ¢ 
cocoons, which could not have belonged to F. fusca or 
fF’, rufibarbis. 1 ran to the nest of the pratensis, and was just 
in time. ‘he dome was covered with sanguinea, and the 
whole pratensis colony was being completely routed and 
driven into the middle of the vine, with its fertile Ovandea 
few cocoons which they had saved from the plunderers. 
The sanguinea pursued them hither as I watched, snatched 
away their last cocoons and completely dispersed them. 
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They then ate all these cocoons, probably because they were 
Gand 3. I am of the opinion that if the pratensis had pos- 
sessed § cocoons at the time, the sanguinea would have 
hatched them and the formicary would have been mixed.” 

We will now pass on to experiments which prove how 
things really happen. 

“As early as 1861, in the summer season, | unwittingly 
prepared myself a surprise for the following year. On 
various occasions I carried bags full of F. pratensis and their 
cocoons near to some F. sanguinea colony, to observe their 
battles. I noticed that the sanguinea invariably won, carried 
off all the F. pratensis cocoons with quite unusual rapacity, 
and bore them to their nest. I then supposed that they 
would eat them, as I had already frequently observed this 
when cocoons of one species were given to another species. 
Nevertheless, when I visited these sanguinea colonies a year 
after, I was greatly surprised to see the surface of their dome 
covered with F. pratensis. 1 could scarcely believe my eyes 
when I saw these two species, usually such bitter enemies, 
running side by side above the same nest, helping one 
another to repair the breach I had just made, and together 
bearing cocoons to their subterranean passages. But in 
addition to this, the nests still contained the ordinary 
auxiliaries of F. sanguinea, namely FP. rufibarbis in the one 
case and F’. fusca in the other. This fact was worth looking 
into, and I resolved to sacrifice one of my mixed tribes in 
an experiment. I filled a large bag with strange /. pratensis, 
and poured them out in front of one mixed formicary 
containing less pratensis than the other. A violent battle 
then ensued; the pratensis which were allied with the 
sanguinea fought on their side against the newcomers, and 
showed as much fury as the sanguinea themselves. The 
pratensis | had brought were so numerous that they won the 
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day and laid siege to the allies on their dome. Feeling that 
their cause was lost, the mixed colony took to flight, carrying 
away their larve, nymphs and young newly-hatched ants. 
I saw the pratensis of this formicary running away in 
company with the sanguinea, and helping them to carry the 
brood. Together they settled some distance away and built 
a new nest in common. I afterwards repeated these experi- 
ments more than twenty times.” 

The following example is worth quoting here:— 

‘A sanguinea formicary was situated beside a hedge, ten 
paces away from a pratensis formicary, with which it was 
constantly fighting. These two colonies, however, remained 
facing each other for several years, and neither of them 
decided to make a move. One day in 1866, | took a large 
bag full of these pratensis, chiefly cocoons, and placed it in 
front of the F’. sanguinea. ‘The pratensis were defeated and 
their cocoons stolen. By 1867 the sanguinea formicary was 
mixed; a large number of F’. pratensis were working with 
the others in complete harmony. Now these I’. pratensis were 
only ten paces away from their sisters, the pratensis of the 
neighbouring nest, which were also hatched from the 
previous year’s cocoons. This fact was interesting. I took a 
handful of pratensis from the natural formicary and placed 
them in front of the mixed formicary. A good many of their 
sisters, the allies of the sanguinea, happened to be on the 
dome at the moment, and these ants attacked the new- 
comers furiously, covering them with poison, biting them 
and killing them in a very short time. The battle was 
extremely violent; I have never seen the prazensis of these 
mixed nests show such combative fury as on this occasion. 
The many sanguinea which rushed to their assistance dis- 
played more moderation in their fighting. I saw several 
pairs of pratensis battling until both lay dead on the field, 
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after drenching each other with poison. This fact is too 
clear to need comment. It adequately explains why the F. 
pratensis of the mixed colony had not returned to the 
formicary in which they had first seen the light and been 
tended throughout their larval stage and part of their 
nymph-stage. On April 15th, 1868, the sanguinea formicary 
was still mixed; I made the same experiment again, with an 
identical result. The natural pratensis were always found in 
their old nest, the mixed colony in their own.” 

4 FORMICARIES WHICH NATURALLY REMAIN MIXED. The 
formicaries which I made in this artificial way, but left in the 
natural nests, usually ended by becoming entirely sanguinea 
once more, even when I| provided them with fresh F. 
pratensis cocoons, for they eventually ceased to rear them 
and simply devoured the nymphs inside. But sometimes 
the reverse happened, and the mixed formicary became 
entirely pratensis. This may, perhaps, be explained by the 
fact that I had often given the sanguinea some Q and g 
pratensis cocoons, but I do not wish to indulge in supposi- 
tions; the positive fact is sufficient. One sanguinea formicary 
which had been mixed with pratensis became pure again one 
year and mixed again the next when I gave it some fresh 
F’. pratensis cocoons. Having discovered one day a mixed 
formicary of this kind, containing an almost equal number 
of sanguinea and pratensis, | was greatly surprised a fortnight 
later to find none but pratensis remaining. I could discover 
no explanation as to why and how the sanguinea had dis- 
appeared, and wondered whether they had emigrated on 
their own account. 

For three or four years I*gave up experimenting on this 
subject, but in 1871 I found three mixed sanguinea-pratensts 
formicaries in places where similar ones had existed between 
1866 and 1870, in the neighbourhood of Vaux and Morges, 
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where I had not been since 1866. The first was on the very 
spot from which the sanguinea had disappeared within a 
fortnight. The second was remarkably large, with several 
domes to its nest and a considerable number of rufibarbis 
slaves. The third was mainly composed of F. pratensis, and 
was just occupied in migrating to another nest when I 
re-discovered it. The few sanguinea took an active share in 
the work. It is absolutely certain, therefore, that these 
formicaries were able to remain mixed for several years, and 
this seems to contradict the other facts quoted in the pre- 
ceding paragraph. Furthermore these facts, which seemed 
to me incomprehensible in 1874, are explained by the long- 
evity of ants as proved by Lubbock, and more especially by 
Miss Fielde at a later date. 

Shortly afterwards, as 1 was taking a walk at Lagern, near 
Baden in the canton of Argovie, with my friend, Professor 
Eugéne Rambert, I discovered a fairly large mixed sanguinea- 
pratensis colony. As neither I nor anyone else had made any 
experiments with ants in this region, this formicary must 
have been formed naturally as a result of some battle be- 
tween the two species, in which the sanguinea had doubtless 
vanquished the pratensis and stolen their brood, as in the 
case quoted at the beginning of the present chapter, which 
I described to my friend Rambert. 

The architecture of mixed sanguinea-pratensis nests, 
whether produced by artifice or nature, is merely a com- 
bination of the styles of both species. As soon as the 
pratensis predominate, or even equal the sanguinea in 
numbers, the formicary and nest begin to look as though 
they belonged to pratensis, since the § of this species heap 
up enough movable materials, such as grass-stems used as 
beams, to cover the whole dome, which accordingly be- 
comes more or less convex. They also begin to close and 
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open the doors of the nest in the manner described in 
Chapter VI of Part II. These formicaries preserve a fairly 
distinctive sanguinea character only when the pratensis are 
decidedly in the minority. 

§ FORCED ALLIANCES. The following experiment and its 
curious result clearly prove the influence of accidental 
circumstances, acquired and not inherited by instinct, on 
the alliances of ants:— 

“On May 26th, 1871, I placed in a flask, supplied with 
earth, wood and honey, ten sanguinea 3 from one formicary 
and ten pratensis © from another. At first there were two or 
three very vigorous individual combats, but peace was 
presently established and all the sanguinea occupied one 
corner of the flask, while the pratensis took another. On 
either side, however, one or two § fell in battle. On May 
28th, seeing that the two groups would neither unite nor 
fight, and were content to avoid each other or present 
threatening mandibles, I removed the wood and some of the 
earth; the groups were at once roused to action, and sharp 
fighting took place; the sanguinea rolled on the ground and 
grappled with the pratensis, then the combatants released 
each other, to begin again shortly afterwards. One san- 
guinea which had been dragged about by four pratensis was 
even killed, and another pratensis had her abdomen cut off. 
Soon, however, peace was re-established and the two groups 
were formed afresh, each on a fragment of earth. But the 
pratensis had apparently endured very rough treatment, as 
only four of them were found alive next day, whereas eight 
sanguinea still survived. Yet the two groups remained 
calm; one sanguinea only was constantly tormenting the 
pratensis. 

A few days before, I had found in the road an isolated 
pratensis 9, probably a virgin, since she still possessed the 
C2 
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bases of her wings, though three-quarters of them had been 
torn off. I had left her in a box and forgotten to feed her. 
That same day (May 29th) I found her again and placed 
her in the flask. She was famished, and instead of fleeing 
from the ants in the flask she approached them in turn and 
tapped their heads with her antenne, begging for food. I 
was astounded to see the pratensis show their teeth and drive 
her away, whereas the sanguinea left her alone. She accord- 
ingly left the pratensis and began to importune a few 
sanguinea by seeking for their heads, licking their mouths 
and rapidly striking the epistoma with her antenne, until 
two of them consented in turn to open their mandibles, 
thrust forward their mouths and -disgorge honey-dew to 
her. I could hardly believe my eyes: here was an ant 
placed between individuals of her own species and others of 
a different species; these individuals were from different 
unmixed formicaries, and the ant in question made an 
alliance with those of the other species against those of her 
own! In fact, from that day forth, an offensive and defensive 
alliance was actually established between this prasensis Q 
and the sanguinea against the pratensis 8. J could not see the 
slightest sign of a quarrel between the 9 and her allies, among 
which she was perpetually crouching except when she was 
walking about the flask and rolling on the ground, which 
she did constantly, with one of the four prasensis 8, which 
betrayed still more hostility to her than to the sanguinea. 
That same afternoon, however, J found another 
pratensis 2, likewise straying in the road, but completely 
apterous and probably fertilized. I took her and placed her 
also in the flask. As I expected, the sight of her brought 
about a general battle, which was very violent owing to the 
fact that I had added two new pratensis from the same 
formicary as the others. One sanguinea was drenched with 
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| poison, and died within a few seconds; the pratensis respon- 
sible for the deed suffered almost as much, and died a few 
“moments after. Two other pratensis were also maltreated, 
without having a chance to hurt the sanguinea, and they too 
soon died. All this time, the virgin pratensis Q (the first) 
sided openly with the sanguinea, and advanced threatening 
‘mandibles towards the fertile 2, which had immediately 
sided with the prasensis, as it seemed that the other should 
have done. When peace was re-established, the sanguinea 
and their ally remained in possession of the bottom of the 
flask, while the three remaining pratensis (one of which was 
ill, and soon died like the others) climbed up the glass with 
the fertile 9, which remained faithful to them, and strove to 
escape. Next day (May 30th), another pratensis succumbed 
to the attacks of the sanguinea, which realized their power 
and invariably took the offensive. The happy relations 
between them and the virgin 9 increased; they were con- 
stantly licking each other and huddling together, whereas 
the fertile 2 and the remaining pratensis worker knew not 
which way to run, and cowered against each other. On 
June 2nd, the last pratensis 9 was killed, and the fertile 2 
cruelly mutilated by the sanguinea, which cut off three of her 
legs at their tibio-femoral joints, and one antenna from the 
middle of the scape. The virgin Q, still lively and active, was 
walking about among the sanguinea as though quite at home, 
for one moment I even saw her allowing the fertile 2 to 
cling to one of her legs, but she soon freed herself of her 
encumbrance.” 

Another experiment carried out at a much earlier date gave 
me a very different result. This and many others taught me, 
while I was yet young, that those generalizations to which 
the human mind has such a fatal leaning should be avoided 
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“On April 11th, 1869, I placed together in a flask :— 
(1) two pratensis % from the same formicary (Z); (2) one 
sanguinea % from a second formicary; (3) two fusca ¥, slaves 
from two different sanguinea formicaries, (4) one pressilabris 
% and (5) one pratensis % from an artificially mixed 
pratensis-sanguinea colony (X), in which one of the two fusca 
had also originated. I could easily distinguish this 
pratensis from the others by reason of her smallness. 

To begin with, the % of different formicaries avoided 
each other without fighting, and those of the same formicary 
united. Soon the two 8 pratensis Z realized their strength and 
settled at the bottom of the flask, while the others climbed 
along the glass. ‘The pressi/abris $ fled in terror from all the 
others, and once, as I was closing the flask, I was clumsy 
enough to crush her. Ina short time, however, the two fusca 
drew near the F. sanguinea, though with an air of suspicion 
and occasional threats to bite. The little pratensis 9 X 
straightway made friends with her fusca (of the same 
formicary) and cowered beside her, but the fusca left her 
several times and made for the sanguinea. The latter soon 
betrayed an ever-increasing aversion for the two pratensis Z; 
every time she met them she showed her teeth; this feeling 
was reciprocal, for I once saw a prasensis seize the sanguinea 
by one leg; their two abdomens were at once coiled up 
against one another, but the two enemies instantaneously 
relaxed their hold. Next day there were two distinct groups: 
(1) the three pratensis—for the small one had allied herself 
with the two Z’s; (2) the sanguinea and the two fusca, in 
complete alliance, crouching down together. Here the 
specific instinct, if it may be so called, had over-ruled the 
formicary-instinct in the pratensis X; this was the first time 
I had seen such a thing happen. But it is not easy to find a 
name for the instinct which drove the two F. fusca to ally 
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| themselves with a sanguinea from another formicary, 


; 


| especially the one which had an old-time ally in the little 
pratensis. 


”? 


All these facts kindled in me a more and more urgent 


desire to plan some machiavellian experiment which would 
lead to a better understanding of ant-alliances by forcing 
_ their instinct and putting them on their mettle, so to speak. 
_I beg the reader to bear the following experiment in mind, 


think it over and form an unbiassed judgment upon it; it is 
worth the trouble :— 

“On May 29th, 1871, I decided to carry out, on a large 
scale, a long-projected experiment. Providing myself with a 
large bag, I first filled one third of it with a large sanguinea 
nest, then another third with a pratensis nest. No sooner 
were the prasensis in the bag than I shook it sharply to move 
its contents and get the two species thoroughly mixed up. | 
left them thus for about an hour and then put the bag in 
direct communication with an artificial nest of steel and 
glass, still containing the earth-galleries of a formicary: 
which had been there the previous year. All that remained 
for me to do was to pour in some water. No sooner had | 
provided them with this opening than I saw through the 
glass that a crowd of & of both species were rushing into the 
apparatus, apparently in great excitement, and in complete 
disarray; several of them were fighting to the death; others 
already had dead enemies fastened to their legs; most of them 
were free, however, but on meeting an equal number of 
friends and enemies in every direction, they showed their 
teeth at all and sundry and continually edged away, ob- 
viously a prey to terror. The sanguinea were the first to 
recover a certain degree of calm, upon which they promptly 
set to work to move the cocoons into the apparatus, where 
they greatly outnumbered the prazensis. They carried the 
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cocoons of the two species indifferently. A certain number 
of large pratensis looked as though they were following this 
movement mechanically, for they also speedily brought 
cocoons and laid them in the chambers of the apparatus. 
When a sanguinea menaced them, however, they invariably 
edged away. But the fighting soon lost its violence and 
presently they ceased to do anything but offer threats and 
drag each other about, while the ants which had previously 
been attacked perished one after the other. 

So.the first day came to an end, Next morning the 
apparatus, which was too small for so many ants, was 
crammed with cocoons. A great many pratensis and a 
certain number of sanguinea were dead; the rest seemed to 
be working together harmoniously, as they were carrying 
cocoons to the same places and very seldom threatening each 
other with their mandibles when they met. However, 
certain pratensis were still being dragged about by one, two 
or three sanguinea, which always played the active réle, 
whereas the prafensis remained passive. I then put the 
apparatus and the bag, which still contained plenty of ants, 
chiefly prazensis, in communication with my large apparatus 
of wood and glass (Huber system). This construction also 
contained the earth-galleries of a nest which had been there 
the year before. After this I was obliged to go away for a 
day, and when I returned on June 2nd, I found a complete 
alliance established. The sanguinea and pratensis had moved 
all the cocoons into the large ‘apparatus, and had settled 
there by mutual agreement in almost equal numbers. I saw 
no more ants dragging others about, but I soon saw a 
pratensis 9 disgorging food to a sanguinea $. The corpses 
left after the first day’s fighting had been discarded in the 
bags and the small apparatus, and I removed both these 
heaps; | was even astonished to find less than I had expected. 
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The sanguinea cocoons could be distinguished from those 
of the prazensis by their darker colour, and I saw % of both 
species paying as much attention to the cocoons of the other 
as to their own. To this apparatus I adapted a manger of tin, 
containing some honey. Amid all this calm after the storm, 
however, I soon saw a few sanguinea begin once more to drag 
the pratensis about, but they gave no sign of malice and cut 
off no limbs. By June 3rd, absolute peace was reigning 
again and was not henceforth disturbed for a moment. 
These adult ants of widely differing species were completely 
united, and now formed one formicary. On June 7th, I 
carried the apparatus to a grass-plot, placed it near a small 
FP’. rufibarbis nest, and opened it. The weather was cold, and 
my ants made but a feeble attack, the sanguinea leading and 
the pratensis responding half-heartedly. Soon the pratensis 
discovered a cricket’s hole anda small abandoned ant-nest 
about a foot away from the rufibarbis nest. They immediately 
began to move the whole formicary thither, and in a short 
time the sanguinea came amicably to their aid. It was 
extraordinarily interesting to see these ants, which had been 
enemies a few days before, carrying one another to a common 
nest. I noticed the following gradation in the numerical 
relationships between the bearers and those borne: (1) Most 
commonly of all one saw pratensis carrying sanguinea, then 
(2) pratensis carrying other pratensis, (3) sanguinea carrying 
other sanguinea, and least often (4) sanguinea carrying 
pratensis. I saw only one or two couples of the last-mentioned 
kind. 

Another curious sight was provided by the heads of ants 
slain in the first day’s battle, still clinging to the legs of ants 
belonging to a different species. The following episode is 
rather quaint: some cocoons had been piled up for the time 
being in a tuft of grass close to the apparatus, and some 
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pratensis were busily engaged in removing them to the new 
nest. One little sanguinea $, which was mounting guard over 
the cocoons, was extraordinarily excited. She tried to 
prevent the praéensis from carrying out their mission, and 
flung herself at the head of each in turn, snatching away any 
cocoon which had just been taken up and dropping it again 
immediately, only to grapple with another ant. The 
pratensis left her alone with admirable patience, and always 
ended by carrying off their cocoons, despite this little 
creature’s anger. I saw a few other disputes of a similar 
character, during which a pratensis and a sanguinea rolled 
on the earth together for a moment, but quickly broke away 
without using poison. On one occasion only did I see a 
little sanguinea cling to the leg of a pratensis and perish there. 
It seemed as though liberty had rekindled some slight 
animosity between the two allies! But this lasted only while 
the removal was taking place, and affected no more than a 
few isolated individuals of each species; that same evening it 
was all over, and the allies were living together in the new 
nest. The removal had occupied one day only. 

One more incident of a different character deserves to 
be reported: a fairly large beetle (Hister quadrimaculatus) 
suddenly came among my ants, and without more ado 
plunged its head into a large pratensis 2 cocoon. In vain the 
enraged ants fell upon it, bit it, sprinkled it with poison and 
sought to snatch away its prey. The Hister had folded its 
four back legs under its gaster, whence it drew them out 
from time to time to push its prey against a tuft of grass, 
while its two front legs, buried, like its head, in the sub- 
stance of the nymph, continued to spread apart as they 
clung to it and presented an insuperable obstacle to the 
united efforts of more than twelve big ants. The chitinous 
armour of the Hister was too hard, smooth and round to be 
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gripped by the ants’ mandibles, and all their efforts were 
unavailing. I helped the ants in various ways, putting the 
Hiister continually in their midst, but in vain. It emerged 
victorious every time with a cocoon almost as large as itself. 

By June 12th the pratensis and sanguinea had built them- 
selves a small dome; they had made no attempt to separate. 
On June 14th I found the rufibarbis nest occupied by my 
mixed colony. I had missed the moment of the attack; 
_ possibly the rufbarbis had emigrated of their own accord. 
On June 17th the formicary was thriving and in perfect 
harmony; the dome was covered almost entirely with 
pratensis, but it reddened with sanguinea as soon as any 
danger appeared. These two species also occupied the nests, 
that of the departed rufidarbis and the first one, in which 
my own had settled. I then went away on a journey. 

On July 31st I found my ants still in the same condition, 
and tried some new tactics. I went to the formicary whence 
I had taken the adult ants of my mixed tribe, two months 
before, found a handful of pratensis and put them in front of 
the new mixed nest. I observed all that happened with great 
care. A lively skirmish took place almost immediately 
between the newcomers and the sanguinea which stole their 
cocoons; but there was no display of violence in the fighting, 
and no poison was used. The sanguinea fell upon the pra- 
tensis, rolled them ‘over on the ground, and released them 
instantaneously. The prasensis seemed to be at a loss. They 
evidently felt that they were beaten, but they did not take to 
flight. One singular thing about it all was the behaviour of 
the pratensis in the mixed formicary. They only came up 
gradually, avoided their former sisters as much as possible, 
without fighting, and turned their attention almost entirely 
to shifting the cocoons in the nest. But the newcomers, 
for their part, displayed much more violence, of which this 


aN) THE SOCIAL WORLD OF THE ANTS 


is an example: A large pratensis from the nest arrived near 
the crowd of newcomers and tried to take away a 2 cocoon; 
a small 8 on the strangers’ side at once sprang at her head 
and prevented her from doing so, pulling her by a leg, then 
by an antenna, and then trying to separate her mandibles 
from the cocoon. The prazensis had difficulty in putting up a 
defence, and tried to take hold of the cocoon at the other end, 
but she finally yielded to the other’s persistence and went 
away, although her much more powerful build would have 
enabled her to win an easy victory had she wished. Soon, 
however, the prasensis of the nest grew bolder and mingled 
with those of the crowd. As it was impossible to distinguish 
them except by the signs of hostility they displayed, which 
gradually became rarer and more feeble, I was very perplexed. 
True, I saw several pratensis lead away others forcibly to the 
nest, and in such cases it was easy to guess the origin of each. 
But [ also saw some which rolled themselves up of their own 
accord, with folded legs and antenne, and yielded to the 
mandibles of other pratensis, which bore them likewise into 
the nest. What did this signify? Perhaps a pratensis from 
the nest had lost herself, or one of the newcomers had 
decided to recognize her former sister and allow herself to 
be carried by this relation. The later course of events 
inclines me towards the second opinion. I actually put five 
or six successive handfuls of pratensis from the wild formi- 
cary near the same nest belonging to my mixed formicary, 
and the same thing happened every time. Their battles with 
the sanguinea were always much fiercer than those with their 
former sisters, though no poison was ever used; so far as I 
could discover, only one sanguinea 8 and two or three small 
pratensis were killed. On the other hand, just a few of the 
newcomers scattered and fled in the grass and then, in many 
cases, came back to the crowd, while several were carried or 
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led to the nest by their sisters, as well as by the sanguinea. I 
could not trace any attempt on the part of the pratensis of the 
nest to ally themselves with the others against the sanguinea 
—a proceeding which would have seemed perfectly natural, 
since they had only been separated from the first and allied 
with the second for two months; their friendly relations with 
the sanguinea were never marred for an instant. But the most 
curious thing of all was the comparatively mild behaviour 
of the sanguinea towards these new pratensis they had never 
known. This mystery was soon to besolved. On the following 
day, the proportion of pratensis in the nest had obviously 
increased and was distinctly higher than that of sanguinea. 
There was no more room for doubt; a good many of the 
newcomers, at any rate, had been admitted to the nest; the 
question was—upon what footing? The fruits of my 
attentive observation on the subject are as follow:— 

All the pratensis tapped each other in a friendly way with 
their antenne, and most of them did the same to the 
sanguinea; but there were special scenes which showed quite 
another aspect of the matter. For instance, one large 
pratensis had already lost a leg and both antenne; two 
sanguinea § were engaged in torturing her, and she did not 
offer the sightest resistance; her sole aim was to escape, but 
the loss of her antenne prevented her from finding her way. 
While one of the sanguinea was trying to cut off her thigh, 
the other was intent upon her prothorax and endeavouring 
to cut it open or separate it from her head, but she could not 
get at it as the pratensis was much larger and harder than 
herself; neither of them used poison; the affair was a cold- 
blooded execution. The pratensis was even innocent enough 
to lick the sanguinea two or three times. Another case 
concerned a pratensis which was pestered in a similar fashion 
_ by two sanguinea; so far she had lost only one leg, and was 
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making occasional feeble attempts to threaten the others 
with her mandibles, but she was also of an incredibly long- 
suffering turn of mind (see fig. 96). All the time that the 
sanguinea were biting her, she was continually tapping them 
with her antenne and even licking them ingratiatingly with 
her tongue. Suddenly, however, she managed to escape by 
an abrupt movement, and instead of betaking herself far 
away from the nest she rushed with all strength towards the 


Fig. 96 


chief avenue of the nest, jostling as she went against various 
workers assembled on the dome, and threaded her way 
along the road, far out of the reach of the sanguinea. A 
moment after 1 saw a sanguinea emerging from the same 
avenue and dragging a little pratensis out of the nest; a 
second sanguinea joined her, but this time the pratensis 
defended herself with sufficient spirit to give a considerable 
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_ amount of trouble to the two sanguinea, which, however, 
made no use of poison. I delivered the pratensis, which fled 
with all speed, exactly as the other had done, into the nest. 
I saw several more pratensis dragged out of the nest in this 
way by sanguinea, which afterwards pulled them about on 
the dome and cut off their limbs. One of these pratensis, 
which a sanguinea had seized by one mandible, had the good 
sense to hang on to one of her enemy’s mandibles and roll 
herself up to be carried. The sanguinea tried to unroll her 
by rubbing her against the ground, but in vain. The 
pratensis would neither move nor relax her hold. Other 
sanguinea tried to bite her, but her stillness seemed to dis- 
concert them. The unwilling bearer grew tired and released 
her, and she fled in haste to the nest. Last of all, I saw a 
sanguinea bringing out of the nest the corpse of a pratensis, 
still quite young and soft, and deposit it several centimetres 
away. These expulsions continued for several days, the active 
part being invariably taken by the sanguinea and the passive 
by the pratensis. By August 6th they had ceased, but several 
pratensis corpses and one or two mutilated but still living 
individuals of this species were scattered around the nest. In 
accordance with the numerical increase of the pratensis 
element, the dome had assumed the architectural style 
peculiar to this species and was covered with beams which 
served to open and close doors. Henceforth I observed no 
more quarrels, and my mixed formicary still persists at the 
moment of writing (September 22nd, 1871).”’ 

In discussing (at p. 182 of his work already cited) the 
theory of the mixture of odours in forced alliances, which | 
had previously put forward and which was subsequently 
supported by Miss A. Fielde, R. Brun records his own 
experiments in which he proved that differences of odour 
between the two formicaries persist long after the alliances 
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have ceased. He, therefore, ascribes more importance to the 
precarious and peremptory circumstances in which the two 
different formicaries suddenly find themselves than to the 
diversity of the odours. 

The results of the above experiments, especially the last, 
gave me food for thought. Being afraid of the prejudices of 
science, which at that time was in re-action against the 
childish anthropomorphism of the past and therefore 
regarded all animals, especially all insects, as little more than 
reflex machines, I felt obliged in my Les Fourmis de la 
Suisse to confine myself exclusively to well-authenticated 
facts. In many respects, however, these facts still remain a 
mystery to me. I felt that before the ant-mind could be 
understood, it would be essential to go deeper into the study 
of the sensations of ants and of insects in general, and I 
began to observe them zealously by means of some new 
experiments. Chapter II of Part II set forth the results of 
subsequent work in this field by myself and other writers, 
particularly Brun. But the truth was also reached from other 
angles. It was realized especially in connection with the 
foundation of formicaries by fertilized parasitic 9. Internal 
anatomy, physiology, secretions, etc., have also enabled us to 
understand much that was once inexplicable. New horizons 
have also been opened up, and the experiments of Miss 
Fielde—to be summarized in the next Chapter—give us a 
certain amount of knowledge about things which would 
formerly have been regarded as fairy tales. 


Chapter II 
EXPERIMENTS OF MISS ADELE FIELDE 


We have already made Miss Fielde’s acquaintance in 
connection with the glass observation apparatus (Part III, 
Chapter I), which bears her name. I should like here to 
mention a certain number of her splendid and painstaking 
observations, which have added considerably to our know- 
ledge as to the causes of alliances and wars between ants. 
The most important of these were carried out in 1903-1904, 
and they deal with the ants’ powers of distinguishing one 
another. They are as follow:— 

In Miss Fielde’s opinion, if we wish to show how animals 
of this kind recognize each other and find their way about, 
we must turn our attention directly to their guiding senses: 
sight in the eagle, hearing in the mole, touch in the cater- 
pillar, and smell in the ant. This is very true, as we have seen 
in Chapter I of Part II, in connection with topochemical 
smell. 

The behaviour of ants proves, moreover, that they 
associate their perceptions independently of their direct 
chemical sense. For instance, habit will teach them to out- 
grow their fear of light, from which they instinctively 
remove their brood. : 

When ants are put into an artificial nest, they require 
several weeks in which to get acquainted with their new 
dwelling, but they may afterwards be transferred to some 
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kind of replica of their abode, a Petri cell, a glass house or a 
wooden box; they will always be comfortable in one of these 
contrivances, and will quietly resume their accustomed 
routes over its floors; or they will withdraw into it from a 
strange environment, even when it lacks their nest-aura. 

Miss Fielde divided a colony of Camponotus pennsylvantcus 
into two sections. She continued to fondle the ants of the 
first section X until they felt quite safe in her presence. 
She trained them to climb on to her fingers and walk about 
on her hands at their leisure, or even to return to her after 
wandering for an hour in her room. Not only did these X 
ants cease to bite her when she took them up in her hand, but 
they became so tame that they would remain quite calmly in 
their Fielde nest (Part III, Chapter I) for several minutes 
after the roof-pane had been removed. On the other hand, 
Miss Fielde deliberately ill-treated the ants of the second 
section 7, lifting them by the leg with a pair of forceps and 
plunging them for an instant into cold water. Accordingly 
the Y ants soon associated the raising of the glass cover over 
their nest with a feeling of terror, so much so that they would 
flee in a headlong panic through the compartments of their 
house every time she touched the glass. 


1 Miss Fretpe’s Pretrminary ExprriMENTs (1904) 


Miss Fielde wished to show that ants are capable of 
recognizing certain odours peculiar to their kind after being 
separated for months, and even years, from those identical 
odours. To make the evidence plain certain facts which 
have been well established by previous experiments must 
be re-stated :— 

1 As we have seen, the ants of different natural colonies, 
whether of the same or of different species and varieties, 
usually betray a marked aversion to one another when they 
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meet, and are especially truculent when defending their 
young. The cause of these perpetual feuds between colonies 
is the difference in the topochemical odours perceived 
by the antenne. Every ant’s feelings of fear and hostility 
are aroused by any ant-odour which she has not yet en- 
countered individually, and which consequently seems to 
her incompatible with her social comfort. 

2 Miss Fielde confirms in every particular that experi- 
ment of my own which was quoted at the beginning of 
Chapter I in connection with young ants gathered and put 
together only a few hours after they are hatched. They 
constitute a mixed formicary and live together as friends and 
allies. Miss Fielde, however, succeeded in bringing about 
alliances between different genera and even different sub- 
families (Formicine and Myrmicinz). She also remarks that 
all friendships formed in this way are individual, and that 
every ant acts in accordance with individual experience. 
The fact that an experienced ant knows the odour of a 
species or a formicary by no means determines whether she 
will receive representatives of another species or formicary in 
a friendly or hostile manner (see Chapter I, section 5: 
Forced alliances; the first experiment to prove this fact). 
Among the mixed colonies which Miss Fielde formed in 
August, 1903, twenty dphenogaster fulva § lived for a year 
with a fertile Cremastogaster lineolata 2; and the harmony 
of their lives was as complete as if all the ants had belonged 
to one species. Representatives of three sub-families: 
Formica subsericea (Formicine), Aphenogaster fulva (Myrmi- 
cine), and Stigmatomma pallipes (Ponerine) lived amicably 
together in a mixed colony for five months. After the death 
of the Stigmatomma, the Formica and Aphenogaster continued 
to live in common on friendly terms for a year. Some 
Formica lasioides, Lasius latipes, Aphenogaster fulva, Myrmica 
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rubra and Cremastogaster lineolata affiliated in one colony 
for several weeks. Until Miss Fielde disintegrated them, 
all these mixed colonies and others besides continued to 
extend their friendship to every ant which bore a familiar 
odour, and therefore deserved approval, directly she was 
introduced into the nest. On the other hand, all ants with 
unfamiliar odours were regarded as strangers and enemies, 
and accordingly attacked. Even an enlarged acquaintance 
with ant-odours does not render these insects more tolerant 
towards unknown odours. Except in established mixed 
colonies, every strange ant that is introduced, even when she 
belongs to the particular variety represented by the colony, 
is excluded from the community and debarred from living 
there: 

In a mixed colony consisting of one species of Camponotus, 
two of Formica and one of Aphenogaster, all the newly-hatched 
Cremastogaster introduced by Miss Fielde, or even born in 
that same nest, were killed. 

3 Ants inherit odour from the queen from whose eggs 
they are derived. The fertilized females endow their eggs 
with a special odour, by which they recognize every newly- 
hatched & or 9. This has been proved by Miss Fielde 
from the fact that an ant which is isolated during the 
nymph-stage and left until it has been hatched for several 
days can never have smelled any odour but that of its own 
body. Nevertheless, directly it is placed near its mother it 
immediately snuggles up against her, whereas it may attack 
its older Q or § sisters. Miss Fielde presented five fertile 2 
of her species to a young 9. There can be no doubt that the 
queen recognizes her own odour in callows that she has 
never met before. 

On July 28th, 1903, Miss Fielde established a colony 
(N) of Camponotus pennsylvanicus in a large Fielde nest. It 
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consisted of a fertile queen, 2 centimetres long, several 
scores of workers and a number of cocoons. During the 
| first week in August she laid some hundred eggs, after which 
she ceased laying until March, 1904. The first larva from 
one of these August eggs emerged on the 27th of the month, 
and the first cocoon derived from the same batch of eggs 
appeared on March 13th, 1904. By April 8th there were 
some big larve in the nest, and also a number of cocoons 
§-12 millimetres long. The first cocoon was hatched on 
April 24th, in a temperature of 24°C. or 76°F. The 
cocoons continued to hatch until July 14th, when the last 
one became a young ant. When they were hatched, Miss 
Fielde separated many of them into special groups. Her 
experiments with the N colony were as follow:— 
EXPERIMENT A. Three large % from the August eggs were 
hatched each in isolation in 1904 on July 8th, 11th, and 
14th respectively. On August sth, these three %, whose 
ages varied from 22 to 28 days, and which had never met 
either a fertile 9 or a $ older than themselves, each instantly 
affiliated with the two other § as soon as they met them. 
The queen obviously recognized the inborn odour of her 
young children and snuggled close to them. Each of the 
three recognized in the 9 and in the two others the only 
ant-odour she had ever known, namely, that of her own body. 
All these happenings were observed through an orange 
glass, for this colour is practically the equivalent of darkness 
so far as ants are concerned, as I have proved in my Sensa- 
tions of Insects, and as Lubbock has also proved. 
EXPERIMENT B. Four % from the N colony-were hatched 
from the eggs of August, 1903, their cocoons having been 
segregated between May and June, 1904. By July 6th, these 
ants, which were 21-25 days old, had never met any other 
ants of their species. The mother was then introduced into 
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their nest. All five ants immediately affiliated, and some 
larve put in by Miss Fielde were laid beside the queen- 
mother. She was at least a year older than the four 9, and 
they could not have recognized her except by means of 
their own odour at hatching time. 

EXPERIMENT C. Five Camponotus 3 from the N colony, 
hatched between April 25th and May toth, 1904, from the 
cocoons of the eggs laid in August, 1903, were between 
27 and 72 days old on July 6th, 1904, when Miss Fielde 
placed the queen-mother near them. Within five minutes 
she had touched antennz with every % and had become the 
centre of a friendly group. 

EXPERIMENT D. Fourteen §% from the N colony, hatched 
from their cocoons either after April 24th or before May 
1oth, 1904, and derived from the eggs of August, 1903, 
had never been in the company of other ants of their species. 
On July 6th, 1904, Miss Fielde introduced the queen of N, 
the oldest ¢ of the segregated group being then 73 days old. 
Great excitement prevailed for a moment in the nest, with 
some tentative nabbing of the queen; but in less than one 
minute the © had discovered that she belonged to them. 
Within a few minutes four 3 began to lick her, one mounted 
on her back, and seven others grouped themselves round her. 

The behaviour of these 6 towards their mother proved that 
her odour had remained unchanged or practically so. Their 
behaviour towards their sisters was very different, since 
great diversity in age was represented. 

4 Miss Fielde’s experiments of 1902 proved that the 
odour of § ants changes as they advance in age. Of this we 
will give some examples later on. About forty days usually 
pass before there is any change great enough to evoke any 
display of suspicion or antagonism. But in certain cases 
between forty and sixty days may differentiate familiar 
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odours to a sufficient extent to prevent ants from associating 
with one another. 

Whenever young ants have been prevented from associa- 
ting with older members of the same formicary, it is always 
the younger ones which betray most suspicion or hostility 
towards the older. Miss Fielde draws our attention to the 
fact that all the ants employed in her experiments were under 
her constant care and supervision without the interference of 
any other person: they spent the summer, from the first of 
June to the end of September, in the Marine Biological 
Laboratory in Massachusetts, and the rest of the year in 
New York City. 

Moreover, in all cases of recognition of a new visitor, when 
nothing is said to the contrary, a small section of the brood 
had been introduced a few days previously in order to induce 
some of the $ to tend and care for them; for the reaction to 
a visitor becomes more prompt and decisive as soon as 
larve and nymphs appear in the nest. 

Miss Fielde adds that in her work of 1904, of which we 
have given an account, she did not mention a third source 
of individual odour, although she always allowed for this in 
her experiments. I refer to the odour transmitted to other 
ants with which any individual associates; and which 
appears and disappears with certain external conditions. 
In a mixed nest, ants take the odour of their associates, but 
this accidental odour is dispelled by isolation within about 
ten days, and is replaced again by the inherent individual 
odour. Ants which have been smeared with the juices of 
ants belonging to another species or colony are liable to be 
attacked by their comrades, which mistake them for 
enemies. 

Miss Fielde submerged ants of two different species or 
two colonies for eighty hours or more in distilled water at a 
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temperature of 10°C., using 35 cubic centimetres for a 
dozen ants. After this ordeal they revived, but when put 
once more in their former nest they were attacked as 
enemies by their old comrades. ‘Ten days were not sufficient 
for the inherent individual odour to re-assert itself, or, in 
other words, to dispel the mixed odour incurred during 
submersion. A counter-experiment gave us adequate proof 
of this matter: when ants of the same colony were sub- 
merged in a similar manner, but separately, they were 
immediately received in a friendly fashion when returned to 
their former comrades. 

Miss Fielde then submerged three Camponotus pictus and 
fifteen Aphenogaster fulva for eighty hours. One of the 
Camponotus came back to life and was returned next day to 
three of its old comrades which were attending to some 
cocoons ina small Fielde nest. It was immediately attacked 
and would have been killed but for the intervention of Miss 
Fielde, who then isolated it in a cell for ten days and then 
again returned it to its first nest. Two of its old comrades 
attacked and killed it. A few of the Aphenogaster, which 
also came back to life and were placed in their old nest, were 
likewise killed by their quondam associates. 

Out of four 4. fu/va, which returned to life after eight 
days’ submergence in the company of five C. pennsylvanicus, 
three were killed by their old comrades when put back in the 
nest. The survivor was isolated in a Petri cell for twenty 
days before being returned to her nest. She accordingly 
became the centre of a circle of ants which submitted her to 
a critical examination for several minutes. A day later she 
was dragged by two &, but in the end she was restored to 
good standing in the nest. 

It is very interesting, as Miss Fielde tells us, to observe 
the puzzled or critical demeanour of an ant which is striving 
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to satisfy herself as to whether a newcomer has an incurred 
or an inherent foreign odour. I can certainly confirm this 
statement, having said the same thing on countless occasions, 
as the reader will judge for himself from my experiments 
quoted in the last Chapter, particularly the last one of sec. 5, 
‘Forced alliances,’ but I was not particularly methodical. 

EXPERIMENT FE. On July 18th, 1904, Miss Fielde placed 
a young ant, seven days old, in a separate nest occupied by 
two 9 of the N colony, which were taken as cocoons when 
the colony was still wild on July 28th, 1903, and hatched 
shortly afterwards—being therefore about eleven months 
old. After a careful examination, the two older ants behaved 
in a friendly manner to the younger one, which they 
evidently recognized by their own early odour. 

EXPERIMENT F, Miss Fielde used my old method of 
marking ants of the same species with a coloured streak, 
laid on with a brush, in order to distinguish individuals. 
On July 6th, 1904, the N queen and her fourteen §, 
mentioned in experiment D, were all serenely grouped in 
their nest. Miss Fielde then introduced into their midst 
two N & which had hitherto been segregated, and which, 
having been hatched between August 14th and September 
3rd, 1903, were about ten months old, whereas the & living 
in the nest were only seventy-three days old. The two 
visitors had previously affiliated only with the N queen and 
had been approved by her. They were probably the issue of 
the eggs which she laid in 1903, but they were seven to eight 
months older than the § inhabitants of the nest, and much 
larger. Nevertheless, several of the younger ones tenaciously 
attacked them and dragged them about. The visitors did 
not retaliate. One of them even tried to placate her young 
sisters by offering them regurgitated food. In half an hour’s 
time the attacks seemed to diminish in intensity and Miss 


36 THE SOCIAL WORLDOF 1 bens 


Fielde removed the visitors. It is therefore apparent that 
hostility between ants, like the closeness of their affiliation, 
admits of all possible degrees. 

None of the older & of this last experiment had ever during 
their lives met others younger than themselves, and con- 
versely, none of the younger © had ever met sisters older 
than themselves. It is clearly proved, therefore, that we are 
here concerned with an hereditary instinct for odours, and 
a variation of these odours according to age. 


2 RECOGNITION OF SPECIFIC OpouR (1904) 
Series A 


Miss Fielde has proved that ants of various species whose 
history she has recorded have the faculty of recognizing 
odours which they have not encountered for several months. 
In August, 1903, she formed a mixed colony with © of 
Camponotus pennsylvanicus, Formica subsericea and Apheno- 
gaster fulva, all of which were hatched in her artificial nests 
between August 14th and September 3rd. This mixed 
formicary is represented in fig. 76, p. 449, Vol. I. Within 
a few hours of its hatching every ant made the acquaintance 
of its elders, and this mixed colony was therefore constituted 
without any dissensions (as in my first experiment in Chapter 
I). On September 24th, Miss Fielde separated, according 
to genera, the ants of a single colony, which she had marked 
A, the youngest of which were less than twenty days old and 
the oldest of which were more than forty-one days old. 
She collected all the Camponotus, all the Formica and all the 
Aphenogaster, and placed the members of each genus in a 
separate new Fielde nest, which was free from any nest-aura, 
as it had been rinsed with warm water according to Miss 
Fielde’s method. The nests were marked Ar, A2, and A3. 
She did not allow any of the nymphs to hatch, but whenever 
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a severe recognition-test was in progress, a few inert 
young from the workers’ eggs or larve from another nest 
were always introduced, temporarily, at any rate. No ant 
of any species was admitted to either of the segregated groups 
except as recorded in the experiments. 

NEST AI. C. PENNSYLVANICUS. On April 8th, 1904, three 
large vigorous C. pennsylvanicus 3, with no brood, were in 
nest Art. Miss Fielde introduced some Aphenogaster which 
had been their companions in September, 1903. The 
Aphenogaster were terrified, and violently attacked by the 
Camponotus. Miss Fielde was obliged to remove them in 
order to save their lives. It was evident that their odour 
had changed during the six and a half months that had 
elapsed, and was unfamiliar in April to their old associates 
of September, 1903. Some young Aphenogaster taken from 
the same wild nest in the summer of 1904, and some other 
young § with the same odour as they had possessed at the 
time of association were killed by the Camponotus At. 
The Formica were likewise refused admittance. 

NEST A2. F, SUBSERICEA. These ants had similarly lived on 
good terms with the Camponoius for at least twenty and at 
most forty-one days, and had been separated from them on 
September 24th, 1903. On April 8th, the six and a half 
months of separation were accordingly identical. There were 
thirty-six Formica § and no brood, and Miss Fielde intro- 
duced into their midst one of the Camponotus 3 which had 
originally been their companions. She was immediately 
attacked, and had to be removed to save her life. ‘This result 
was therefore similar to that.of At. The Formica manifested 
the same antagonism towards the other two residents of this 
mest AT. 

These Formica % continued to reside in their nest, and 
laid a few parthenogenetic eggs, which were under their care, 
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when on April 25th, 1904, Miss Fielde introduced into 
their nest three Camponotus recently hatched from the eggs 
laid in August, 1903, by the mother of the Camponotus of 
nest A1. These young Camponotus received an amiable 
welcome from the Formica and until May 10th Miss Fielde 
added others, which were also young. The Formica, now 
eight months old, continued to live on good terms with the 
young Camponotus, whose odour had been familiar to them 
during the early days of their life. They regurgitated food 
to them, allowed them to carry the egg-packet and take care 
of their larvee, and treated them in all respects as members of 
their own colony. No deaths took place during the twenty 
days following the introduction of the young Camponotus, 
but on June 25th Miss Fielde took them away. These 
Formica, therefore, recognized the ant-odour of another 
species, once familiar to them, after seven months of 
separation. 

As Miss Fielde had at her disposal no 4phenogaster of the 
same lineage and age as the /ormica hatched in the autumn 
of 1923, and therefore familiar to them by odour, she was 
unable to introduce any 4. fulva likely to be welcome to 
them. The 4. fu/va individuals formerly associated with 
the Formica in the A nest had then changed their odour, and 
the Formica refused to affiliate with them. 

NEST A3. A. FULVA. ‘The former friendship of 4. fulva 
with the Camponotus and Formica of nest A had lasted as long 
as that between the other two species, until their separation 
in 1903. On April 8th, 1904, Miss Fielde introduced into 
their nest A3, which contained forty-one %, a former 
companion in the shape of a F. sudbsericea S from nest A2; 
she was fiercely attacked, like other Formica of the same nest. 
A Camponotus from nest A1 was received with equal 
hostility. It was at once evident that the 4. fulva discovered 
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a strange odour in every visitor. When the experiment was 
complete and definite, Miss Fielde removed all these 
visitors and left the Aphenogaster A3 at peace in their nest 
until April 24th. She then introduced into nest Aj a 
Camponotus 3 one day old, the issue of an egg laid in August, 
1903, by the mother of the 3 in nest At, and therefore of 
those which were attacked and rejected. A few minutes 
later, three of 4. fulva began to lick this new &, and all of 
them had viewed her with approval. She received the same 
devoted care as if she had been a young Z. fu/va of the same 
colony. That same day, Miss Fielde added two more newly- 
hatched Camponotus of the same line of descent, and they 
also were lovingly tended until April 27th, when they were 
transferred to another 4. fu/va nest M. 

The Aphenogaster M were of the same age as those of 
nest A3; they were derived from the same colony and the 
numbers in their nest were almost equal. The only respect 
in which they differed from A3 was that they had never 
lived with any Camponotus. As soon as Miss Fielde intro- 
duced one of the young Camponotus into nest M, the large 
A. fulva of this colony attacked them; and although the 
newcomers were twice as large as they and had a tougher 
integument the residents harried them to death. The 
behaviour of the 4. ful/va M, like the contrary behaviour of 
the 4. fulva A, was based on the recognition of odour. 
A. fulva’s power of recognizing an odour, therefore, extends 
through an interval of at least seven months. 


Series B 
A second series B was established on July 20th, 1903, 
and until August 28th, that is, for forty days, Miss Fielde 
added newly-hatched § to the mixed colony. This colony 
consisted of Aphenogaster fulva from the C colony (see 
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below), Lasius latipes from another colony F and Cremasto- 
gaster lineolata from a third colony H. On September 24th, 
1903, Miss Fielde separated these ants according to genera; 
as in Series A, putting each group into a new Fielde nest of 
its own, where they remained until the end of the experi- 
ments, except in the case of ants introduced for experimental 
purposes. The series was numbered Br (4. fu/va), B2 (L. 
latipes) and B3 (C. /ineolata). 

NEST BI. A. FULVA. On April rst, 1904, six months after 
their segregation, there were about sixty 4. fu/va in nest Br. 
Miss Fielde then introduced two L. /atipes § from B 2, the 
former companions of the 4. fulva. The Lasius evinced no 
fear, and the Aphenogaster no aversion, but residents and 
visitors instantly affiliated. The Lasius remained safely in 
the Br nest for four days. On April 5th, Miss Fielde took 
the same two L. /atipes and placed them in another 4. fu/va 
colony, consisting of two fertile 9 and sixteen §, all hatched 
in August, 1902, and therefore a year older than B1. They 
had belonged to the same colony C, but had never been 
associated with Lasius. ‘These L. /atipes tried to escape or 
hide, like all ants in a nest of recognized enemies. In this 
way they succeeded at first in avoiding the 4. fu/va, but when 
Miss Fielde returned that same evening, they had been 
killed and thrown out on the rubbish heap. 

L. latipes has a strong odour to which human nostrils are 
susceptible, and it seems as though the 4. fulva recognized 
them by this means after an interval of six months. But on 
June 11th, 1904, Miss Fielde introduced among the 
A. fulva Bx (former comrades of the L. /atipes B2) two L. 
latipes 8 of unknown age from the wild nest of the F colony 
(which had not, therefore, associated with the mixed colony); 
these were speedily killed, and two more were also killed on 
the ensuing day. 


EXPERIMENTS OF MISS ADELE FIELDE 41 


On August rith, 1904, a L. /atipes, recently hatched from 


_ another colony K and introduced among the B1, was also 


immediately killed. 
On June 11th, 1904, Miss Fielde went to the old wild 
Lasius ¥' nest in search of a remainder of its population, and 


secured a few & and four larve. On August 4th, the larve 
| spun cocoons and on August 18th, the first young $ was 


hatched. She was immediately placed in nest B1, where the 
A. fulva patted her in a friendly fashion with their antenne, 
licked her and cared for her among the brood with which 
they were busily occupied. They had recognized in her an 
odour from which they had been separated for eleven 
months. 

The 4. fulva of nest Br met no Cremastogaster between 
September 24th, 1903, and July 7th, 1904. At that time 
they numbered fifty old inhabitants and the larve from their 
own eggs, and Miss Fielde introduced into their midst 
several newly-hatched C. /imeolata from a wild nest V. In 
the space of a single day, all these C. /ineolata were killed 
and their bodies piled together in a corner of the food-room; 
on July gth, others suffered the same fate. 

On June 24th, Miss Fielde had taken from the wild nest 
of the old C. Aneolata colony H a few larve and some ¢ to 
rear them. Then on July 22nd she had put a dozen young 
ants, hatched from these larva, in the nest Br, whose 
residents were much engrossed with their own pupe. Two 
or three of these visitors were killed and torn to pieces, but 
the others were accepted into close companionship by the 
A. fulva; they were allowed to walk over or rest on the pupa- 
pile, and were gently licked, without receiving any hurt 
during the twelve days for which Miss Fielde left them in 
nest Bi. But on July 25th, one of those twelve days, a 
strange and newly-hatched Mormica lasivides introduced into 
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nest Br was immediately killed by the 4. fu/va and carried 
to the rubbish-pile. 

The mother of a Cr. /ineolata nest K was the daughter of 
the fertile 2 of the H colony (of the same species), which had 
given rise to several generations, including the 9 of nest B3. 
Miss Fielde placed a few B3 & in nest K with a fertile 9 of 
colony H. Never before had this 2 encountered any C. 
lineolata workers, having spent her whole life since 
hatching in August, 1903, with 4. fu/va workers. 
However, both the Q Cremastogaster and the $ Apheno- 
gaster took an interest in the Cr. /ineolata hatched on 
July sth, and continued to live on intimate terms with 
them. The K mother had therefore retained the odour 
of her own H mother, and the young © bore the odour 
of their mother, unchanged by ageing. The Cr. dineolata 
in question was therefore derived from the mother 
whose eggs had produced the B3; this fact alone would 
prove as much. 

When the 4. fulva had no brood of their own in the 
Fielde nests, they often allowed the Cr. /ineolata nymphs to 
hatch in their midst and live there, though they did not 
combine with this species to form a mixed colony, and when 
engaged in the care of their own young, always killed them 
as soon as they hatched. It appears that the Br 4. fulva 
recognized an old odour in the young Cr. /ineolata of 
Colony H, for after ten months’ separation they resumed 
their former friendship with them. 

After this, on August 4th, Miss Fielde removed all the Cr. 
lineolata from nest Bi, and the 4. fu/va were without 
Cremastogaster for twelve days. On August 16th, 1904, she 
put back into Br one of their old Cr. dineolata companions of 
nest B, which had been separated from the /. fulva on Sep- 
tember 24th, 1903. She was killed within a few hours. 
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Her odour had not been recognized after a separation of less 
_ than eleven months. 

| NEST B2. L. LATIPES. In April, 1904, so few L. /atipes 
_ remained in B2 that Miss Fielde was obliged to use them 
all for her experiments with the 4. fu/va Bi and the Cr. 
ineolata B3, until they were exterminated. 

NEST B3. CR. LINEOLATA. On April sth, 1904, more 
than six months after the segregation of the Cremastogaster, 
there were about fifty workers in their nest, B3. Miss 
Fielde then introduced two L. /atipes with which they had 
lived on friendly terms for about forty days, six months 
before. The Lasius were attacked and would have been 
killed, had Miss Fielde not rescued them. Despite the 
strong odour which these Lasius possess for us, their old 
companions did not recognize them. It was at that time 
impossible for Miss Fielde to introduce any Lasius latipes 
younger than those with whom they had formerly associated. 
But on August 12th, 1904, she put in a newly-hatched & 
from another colony X, which was immediately killed by the 
Cr. lineolata. On August 20th, 1904, she introduced into 
B3 a young L. /atipes from the wild nest of the F colony, a 
sister of the one which was placed in Br on August 18th, 
and this ant was amiably received. These Cremastogaster 
therefore recognized in the 4. fu/va an odour from which 
they had been separated for eleven months. That same day, 
August 20th, an adult Lasiuvs of unknown age, but from 
the same F colony, one of the nurses of the newly-hatched 
worker lately accepted, was introduced after her, but was 
killed the following night. _ 

On April 8th, 1904, Miss Fielde introduced two 4. fulva 
among the B3 Cremastogaster $, with which they had lived on 
friendly terms the previous autumn, and from which they had 
been separated for more than six months. One of the 
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visitors showed signs of fear and tried to escape like a 
stranger; the other fought with a Cremastogaster. Change of 
odour had therefore made enemies of these old friends. 

Not until July, 1904, was Miss Fielde able to introduce a 
few newly-hatched 4. fu/va from the natural nest of colony 
C and related to the Br ants. In this natural nest were 
several fertile 9. To prevent these young § from bearing 
the odour of the old ants, Miss Fielde separated several 
nymphs and offered the Cremastogaster none but young § 
recently hatched from them. But these young fulva § were 
all killed, and their bodies were torn in pieces a few days 
after their introduction. They were doubtless the progeny 
of other queens than those which produced the early 
acquaintances of the Cremastogaster in nest B3. 


3 Miss Fretpe’s Hyportuesis (1904) 


On comparing the data here presented with those of the 
preceding years, we can represent in diagrammatic form the 
probability that an ant, isolated since the nymph-stage, 
will encounter a familiar odour the first time she meets 
another ant of her colony. If the odour of a queen remains 
unchanged and is communicated to all the eggs laid by the 
mother and all her inert young, and from the beginning of 
the active life of the § there is a progressive change in the 
inherited odour borne by her, then there will be more than 
one odour among the § every summer, as all the eggs laid 
by a queen are not hatched during the summer in which they 
are deposited. Let us suppose that a young fertilized queen, 
the founder of a colony, has laid her eggs in her isolated cell 
in July, and reared her little brood in sixty days. The eggs 
which she will next proceed to lay in the autumn will not be 
able to produce larve until the end of autumn, and these, in 
such a climate as ours, will not appear in their adult 
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ant-form until about Junein the following year. By this time, 
the odour of the first batch of % will already be several 
months old, and will perhaps have changed so much that it 
seems unfamiliar to the young, newly-hatched 8, which 
know no odour but their own, or in other words, their 
mother’s. And the same will obtain in the following years. 

In a Lubbock nest, a fertile 9 can live for fourteen or 
even fifteen years, but for the purpose of the diagram, which 
represents the progressive change of odour in worker-ants, 
it was assumed that she lives only ten years. 

The arabic numerals in horizontal line indicate the 
number of years lived by a queen, the founder of a colony. 

The roman numerals on the left denote successive broods 
produced by the 9, here supposed to be the only fertile 
female of the colony. 

The letters symbolize the odour of the ¢ ants of this 
colony. 


DIAGRAM OF THE PROGRESSIVE CHANGE IN ODOUR 
AMONG @ ANTS: 


1 74 3 4 i] 6 7 8 2 10 

I.a.b+a.c+b.d+c.e+d.f+e.g+f.h+g.ith.jt+i. 

sl eters a.b+a.c+b.d+c.e+d.f+e.g+f.h+g.it+h.j+i. 

MOU Ws As chs sa aro. a.b+a.c+b.d+c.e+d.ft+e.g+f.h+g.i+h.j+i. 

HANES ee, bier eiiotsis Ie sees a.b+a.c+b.d+c.e+d.ft+te.g+f.h+g.i+h.j+i. 

ere de Mat cis euayipls: 20v'e) slsvis aja a.b+a.c+b.d+c.e+d.f+e.g+f.h+g.it+h.jt+i. 

Rg HEMMeDS colin fe yeliercherersircya ics olde ei alece « a.b+a.c+b.d+c.e+d.f+te.g+f.h+g.ith.jt+i. 
BIB eer askehccs pieciin eis siiaisle scejeresel nis Siqei6 as a.b+a.c+b.d+c.e+d.f+e.g+f.h+g.ith.j+i.. 


If all the & from the queen’s seventh year eggs and 
possessing the a odour had been separated from the others 
directly they were hatched, the only ones with which they 
would affiliate immediately would be those derived from 
eggs hatched during the sixth year. These §, if hatched less 
than forty days apart, would at once affiliate, despite their 
separation. ‘The ants bearing the odours 4, ¢, 4, @, fi and g 
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would affiliate with all those which still bore the inherited 
maternal odour a. 

But when separated from one another, they gradually 
lose the memory of this odour, and finally cease to recognize 
it in other § ants. 

Obviously the above diagram has no pretensions to be 
more than a theoretical approximation; but it renders 
intelligible certain phenomena observed by Miss Fielde in 
the C colony, which she followed up for four years, not only 
in natural nests but also in artificial ones. 

When a fertile 9 does not fly away to found a new colony, 
but remains in the one which gave her birth and adds her 
progeny to its population, all the members of this colony 
thereupon receive a more liberal education in topochemical 
smell. Every ant behaves according to her individual 
experience of odours, and if this has been restricted, 
quarrels are likely to ensue. The knowledge of many 
odours of ants of diverse lineage makes her more tolerant 
towards her kind. If some of the & be separated from their 
colony as soon as they are hatched, they may show friendly 
recognition of younger ants from their old nest, but this will 
be brought about by an act of memory spanning the interval 
of their separation. These are the precise conditions pro- 
duced by Miss Fielde in her colony C. | 

The C colony was a large, polycalic community of 4. fu/va 
which lived under stones scattered at considerable intervals 
over an area go yards inediameter, along a lane and 
pasture. 

Miss Fielde was unable to find any other 4. fulva colony 
in the neighbourhood. It seemed that a number of young 9 
mated with their own kin and remained in the same colony. 
She found no less than fifteen fertilized 9 (de-alated or 
without their wings) in a single spadeful of earth. As soon 
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as 9 and & from the extreme limits of the area in question 
met, they affliated at once, without the slightest hesitation. 

On August 22nd, 1901, Miss Fielde found under a 
stone in the middle of this C colony, a number of 2, $ and &, 
which she divided into two sections, placing each in a 
separate Fielde nest for two years. No young were allowed to 
hatch during these two years in either section. In August, 
1903, however, they recognized each other and at once 
afhliated; but their affiliation with Q and § newly imported 
from the wild nest was less perfect. Miss Fielde then placed 
the two united sections, again without young, in a separate 
nest, where they spent a third year ending in August, 1904, 
and introduced into their nest some marked § and fertile 2 
taken from their old wild nest. One of the two 9 was at once 
received with every sign of friendship, whereas the other 
was simultaneously licked and dragged by different 8, but 
was accepted at the pupa-heap after a few hours. The & were 
well received. Out of the 114 young % which were then 
introduced one by one, each after a short interval of rest, 
only two were attacked. Though all the young ants accepted 
during this summer of 1904 must have had the odour of the 
resident queen, it seems highly probable that many of them 
bore odours which were recognized by the § residing in the 
Fielde nest after a separation of three years. 

During these three years the ants had certainly not met 
any companions one or two years old from outside their 
artificial nest. In August, 1902, Miss Fielde separated a 
queen and some workers, all of which had been hatched that 
month, and in August, 1903, she did the same with a group 
hatched later on in the same month. No nymphs belonging 
to any of these separate groups were allowed to hatch. In 
August, 1903, Miss Fielde, therefore, had command of four 
groups separated from the wild nest C: (1) the C nest from 
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the natural colony C which began its career on June 24th, 
1904; (2) the C1 group, exactly one year olds") thes@e 
group, exactly two years old; (4) the C3 group, at most 
three years old. All four had been acquainted with their 
seniors before their separation. In August, 1904, the Cas 
welcomed into their nest ten C2’s and ten C1’s, and so 
indicated a perfect recognition, after a long separation, of 
odours which had not been represented in their nest since 
the date mentioned. 

On the other hand, as soon as Miss Fielde introduced C3 
2 or ¥ into a nest peopled with hundreds of workers taken in 
June, 1904, from the wild nest C, or hatched during the 
summer of 1904, the C3’s were always violently attacked. 
These ants were now strangers to the younger generation of their 
former wild nest. Miss Fielde adds: ‘The C colony had been 
much harried in its natural domain, by the rebuilding of 
stone fences, by repairing of the lane road, and by my own 
depredations. Ants so old as my three-year-olds have 
apparently become almost unknown in the wild colony.” 

The greater the age of the colony, the less chance there is 
that one of its members which has been separated as a 
nymph and kept in isolation will recognize her own odour 
in another ant taken at random from the colony whence she 
was hatched. In August, 1904, Miss Fielde isolated in this 
way certain nymphs and the ants which developed from 
them. The following experiment is typical. 

a A % nymph from the C colony wild nest was isolated. 
When she had been hatched for eleven days, she knew no 
ant-odour but her own. Miss Fielde then introduced one by 
one into her Petri cell, where she was absorbed in the care 
of larve given her for that purpose, all the twelve C3’s, all 
the seventeen C2’s, all the forty-two C1’s and seven C’s of 
exactly her own age, so that the number of visitors which 
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thus arrived separately from time to time rose to nearly 
eighty. A rest-period was allowed to intervene between 
each visit. This young ant violently attacked every one of 
these visitors, drove them away from the larve, and, in some 
cases, even took them outside the Petri cell, if Miss Fielde 
lifted the cover. From time to time a visitor would retaliate 
by attacking the isolated young ant, and Miss Fielde was 
obliged to intervene to avoid a casualty. 

In other experiments of this kind with § hatched in 
isolation, it often happened that the young creature recog- 
nized her own inherited odour in a visitor, which she then 
willingly permitted to share with her the care of the larve. 
Although the isolated nymphs had been taken from different 
parts of the C colony, they all behaved in the same way, and 
one is tempted to think that all those tested by Miss Fielde 
had been derived from eggs or nymphs stolen from another 
colony—especially if we consider the great size of the C 
colony, as described above. 

5 On July 11th, 1904, anymph previously introduced into 
nest C chanced to hatch in nest C3. Miss Fielde left her 
among the C3’s for seven days, and then isolated her in a 
cell with some larve. Hence it is clear that this young ant 
knew no odour but her own, that of workers at least three 
years old, and that of a queen. A day or two after her 
separation Miss Fielde introduced one by one, in the manner 
described above, all the C1’s, removing each of them as soon 
as a decisive reaction took place, and intercalating a period 
of rest between all the visits. The isolated young ant 
affiliated with the first, third,.fourth, sixth, seventh, eighth, 
tenth and eleventh, but attacked the second, fifth and ninth. 

In the same way, Miss Fielde then presented the C2’s to 
the same ant. She affiliated with the first, third, fourth, 
fifth, seventh, ninth and twelfth, but attacked the second, 
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sixth, eighth, tenth and eleventh. She did not attack the 
C2 queen, but this queen avoided her so persistently that it 
was impossible to pass a definite judgment. 

c A young ant hatched on July 11th, 1904, in thesGz 
nest, whose inhabitants were two years old, was submitted 
to the following test: She was left in the C2 nest for seven 
days, and then isolated for a day and entrusted with the care 
of some larve. Some C3 %, none of which were more than 
three years old, were brought into her cell. She affiliated 
with the second, fourth, fifth, eighth, eleventh and twelfth, 
but attacked the first, third, sixth, seventh, ninth and tenth. 
Miss Fielde then introduced some C1 ants, which were one 
year old. She affiliated with the first, second, third, seventh, 
eighth, ninth, tenth and twelfth of her visitors, but attacked 
the sixth and eleventh. 

A similar experiment with a Cr ant was spoilt by a mis- 
take. 

If we suppose that the § cannot reproduce colonies, and 
that the queens always preserve their own odours, how are 
fertile Q of different odours produced through workers 
which change their odour as they grow older? 

In 1901, Miss Fielde separated a number of winged 2 
from the C colony, putting some together with § which were 
their brothers from the same colony and others with g from 
alien colonies. She supposed that the winged 9 taken in the 
nest before their aerial nuptials were all virgins, and believed 
that she would be able to prove the affiliation of the progeny 
of sister-queens by the eggs which issued from them without 
taking the paternal influence into consideration. But she 
later realized that virgin 2 often mate in their own homes 
before they come forth, and that neither the possession of 
wings nor early capture could guarantee the virginity of a 
Q; it could only be guaranteed by the sequestration of the Q 
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nymph before she was hatched. For instance, Miss Fielde 
once saw some Lasius latipes 2 which had been taken from 
the wild nest before swarming, drop their wings and lay 
eggs. She then observed that the queens in her artificial 
nests persistently avoided the kings of alien colonies, 
manifestly preferring those of their own colony. Mating in 
Captivity, in artificial nests, is not uncommon, and must 
also be frequent in natural nests before the swarm. 

We know that the eggs laid by & often produce sturdy g. 
It is probable that such a g communicates to the fertilized 
eggs of the 9 with which he mates something of the odour 
possessed by his % mother at the age when she laid the egg 
which produced him. This may account for the difference in 
odours among the progeny of sister queens, and the accumu- 
lation of such differences may explain the difference between 
the odours of various 9 of the same species and variety. 
When a @ remains in the maternal nest after mating there, 
and rears her brood in the same place, the odours of this 
brood must become more mixed than those of the C Colony 
described above. The 9 already fertilized which set out from 
the maternal nests found new colonies; the odour of the 
virgin 2 produced here would depend on the age of the 
workers who were mothers of kings hatched in the season in 
which their founder-queens mated. In short, then, the 
primordial (innate) hostility between ants of different 
formicaries follows from two causes, combined in all possible 
degrees; a the difference in the maternal and paternal 
lineage; J the difference in age of the ¢. But neither of these 
causes of hostility is insuperable, as is proved by the alliances 
between young %, even those belonging to different sub- 
families, and forced alliances between adults. 

Besides the aura of her nest and other local scents, 
including that of her own track, an ant discerns yet other 
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odours; (1) Those which are incurred incidentally under 
certain conditions and which fade away in course of time, 
(2) the inherited odour of their mother, communicated to 
the eggs, larve, nymphs and young, newly-hatched ants, 
probably reinforced by the ontogenetic growth of the 
progeny after the egg-stage; (3) the progressive change of 
odour in the 8%, according to age; (4) the specific odour 
which characterizes the tribe, species, variety, etc. If to these 
various perceptions we add the recognition of familiar 
odours after months and years of separation, we must agree 
with Miss Fielde that ants are very well equipped for life in 
their little social world. If they lack reason and imagination, 
they possess at least the necessary basis of these two faculties: 
the knowledge of past experiences. 

I have shown you here, friend reader, the significance of 
the most important experimental work of Miss Adeéle 
Fielde. You may not be prepared to admit all these last 
hypotheses of hers, and you are at liberty to criticize some 
of their details, but you must needs join me in admiring her 
perseverance and exactitude, her highly conscientious 
methods, and the clear and acute judgment she displayed. 
This alone should convince you, if you were ever in doubt, 
of the desirability of votes for women! Even though there 
are many human imbeciles in both sexes, and though genius 
is rare on the whole, the male has no monopoly therein. 
Think of the ants and throw away your pride. Let us now 
consider Miss Fielde’s other work. 


4 Tur Communar Lire or Ants (1905) 

Here a few preliminary remarks are necessary. The 
odour of the nest is perceived by ants through the air, but 
the individual odour or savour of other ants, whether 
friends or enemies, is only distinguishable by the immediate 
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application of the nose, or in other words the antenne, to 
the body of the ant which is being examined. Ants have two 
identical antenne, and one alone of these may normally 
suffice for making the meticulous distinctions described 
above. 

Two friendly species, 4. fulva and C. pennsylvanicus, were 
separated for seven months, after which their respective 
odours had become so unlike that every time one of these old 
friends visited the others she was violently attacked. But 
when Miss Fielde introduced into either group an ant of 
the same species and age, derived from the same mother as 
her old associates of the mixed colony, she was always re- 
ceived at once with every sign of friendship, despite a long 
separation which, as we have seen in the case of 4. fulva, 
may have lasted for three years. 


5 Various SpsciaL PHENOMENA IN THE LiFe oF 
ANTS (1907) 

Experiments must be prolonged for weeks and even 
months. Certain sister $ of Camponotus pennsylvanicus, 
which had been separated all their lives into one group of 
young ants and one group a year older, were induced so 
gradually and cautiously to form an alliance that Miss 
Fielde thought the young ones were absolutely reconciled 
to the odour of their elders. But just when the family union 
seemed to be complete, one of the elders would occasionally 
be killed by a younger one and a succession of conflicts 
would destroy the colony within three months. 

On several occasions, Miss Fielde has made similar 
observations with groups possessing heterogeneous odours. 
One day, however, she introduced several into an arti- 
ficial nest peopled with virgin workers of Camponotus 
herculeanus. The encounter assumed the appearance of an 
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attack by the %, but the g were none the worse for it, and 
Miss Fielde soon saw that the apparent violence of the 9 was 
caused by attraction, not antipathy. 

In the life of ants there are numbers of factors whose 
influence must be carefully calculated if we wish to determine 
the cause of their actions. These include among others: (1) 
the presence of the brood; (2) the extent to which the nest- 
aura has been established; (3) domestic conditions in general ; 
(4) the ants’ familiarity with their immediate environment; 
(5) incurred odours; (6) inherited odour; (7) this odour 
progressively modified according to age; (8) specific odour; 
(9) the sensibility of ants to one predominating odour and 
the resulting encouragement or discouragement; (10) the 
ants’ power of concentrating upon the object of their imme- 
diate interest and forgetting temporarily (by anecphoria!) 
all other matters; (11) finally, their memory by ecphory 
of old associations of engrams connected with their former 
experiences (see Semon, Vol I, page xliii and Vol II, page 4). 


6 Tue Sense oF SMELL IN DIFFERENT SEGMENTS OF THE 
ANTENNA (1915) 

Between 1900 and 1907, Miss Fielde made a series of 
long and patient surgical experiments upon Aphenogaster 
fulva $, removing one after the other the last seven segments 
of the funicle, which possesses eleven in all. She declares 
that she did not utilize for her experiments any ant which 
had not manifestly recovered after the operation, and sums 
up her results as follows: 

The activity of ants is, as we have seen, guided by 
different odours, each of which is localized to some extent in 
five groups of the seven last joints of the funicle; Miss 


Fielde calls each of these five groups a ‘sub-nose.’ Here are 
her conclusions :— 
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1 The odour of the. domicile or nest-aura, a mixture of the 
odours of all the inhabitants, is discerned through the air by 
the last segment of the antenna. By means of this odour the 
enemy terrifies and the friend attracts. When deprived of 
this distal segment she remains fearlessly in the home of the 
enemy until she pays for her unconscious temerity with her 
life. 

2 We know that ants of the same species but different 
formicaries will usually destroy each other, although they 
sometimes rear the brood which they steal from their 
enemies. This colony odour, as we have said, depends on the 
age of the §; it is discerned by the last segment but one of the 
antenna. When this is removed, together with the last joint, 
ants of various formicaries live in complete accord, despite 
the mutual touch of their antenne, which now alone guides 
their topochemical smell. 

3 When an ant comes away from her home, she leaves on 
her path a topochemical trail which orientates her as she 
returns (see Vol. Il, Chapters and II). She recognizes her 
own odour (and, in my opinion, that of the objects which 
she touches) with the antepenultimate segment of the 
antenna, either by contact or through the air. As soon as 
this is eliminated, she is incapable of finding her scent again 
and loses her bearing altogether. The trail remains, but the 
ant can no longer follow it by smell. 

4 The next joints, the eighth and ninth of the antenna, 
which in 4. fu/va are the seventh and eighth of the funicle, 
still distinguish the odour of the queen and the undeveloped 
young ordinarily her progeny. When they are removed, a § 
which has hitherto tended her brood and her mother ceases 
to do so, and becomes absolutely indifferent. 

5 Lastly, the sixth and seventh joints of the antenna, that 
is, the fifth and sixth of the funicle, discern the specific 
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odour. When these are removed, the most dissimilar species 
and sub-families will immediately intermingle without 
fighting. They even regurgitate honey-dew to each other 
from their crops. In this way, Miss Fielde was able to 
combine five different genera in close fellowship. Except 
for the regurgitation, this last experiment resembles the one 
I myself made in 1874 with ants whose two antenne I had 
eliminated altogether (Part I1). 

With regard to ants whose antenne are differently 
formed from those of 4. fu/va, Miss Fielde adds, among 
others, those which have only four or five joints to the 
funicle—careful observations at a later date will doubtless 
reveal olfactory functions in other segments, other ‘sub- 
noses.’ It is nevertheless certain that the scape and, in 4. 
fulva, segments one to four of the funicle, do not distinguish 
odours discerned by the seven last joints. Miss Fielde 
thinks that the antenne must be lubricated by the secretion 
of certain glands in order to perceive odours so well, and 
suggests that this may perhaps be the function of the 
champagne-cork organs (Part 1, Chapter IV). 

In conclusion, Miss Fielde defends herself against the 
objections of McIndoo, and, to some extent, against those 
of Wheeler. McIndoo denies that the antenne are the 
organs of smell. He is wrong, as you will see by reference 
to Part II, Chapter I. We will now pass on to a criticism 
of Miss Fielde’s observations and hypotheses. 


7 Criticism oF Miss Fis.pe 
In my anxiety to remain just and objective, I have con- 
sidered it my duty to put before my readers the results of the 
fine and patient experiments of Miss Fielde just as they 
stand. But that does not mean that I accept all her hypo- 
theses and deductions. The future must judge. I agree to 
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a great extent with the objections which Wheeler has lodged 
against her, the first of which is obvious: Miss Fielde was 
absolutely unable to remove the sixth, seventh and eighth 
joints, etc., of the antennz without at the same time removing 
the last, and this fact alone makes it impossible to prove 
absolutely the localization of ‘sub-noses’ in five groups. All 
that is in our power is a relative localization by successive 
eliminations. This should have been emphasized. 

In the second place, a glance at figure 23 (Part I) showing 
a whole antenna as viewed under a magnifying-glass, makes 
it plain that two or three varieties of topochemical nerve- 
terminations are intermingled equally on all the terminal 
segments of the funicle, and show no localization. Here, 
however, I must speak in defence of Miss Fielde; colours 
are not localized by our retina—and yet we do localize them. 
Moreover, it would seem that the ‘organ of Corti’ in our ear 
localizes the pitch of the sounds which we hear, but it does 
not therefore localize words, nor other specialities of hearing. 
And we are quite able to distinguish heat by touch, though 
the organs which communicate both these sensations to us 
are intermingled in our skin. The relative localization of a 
function is not necessarily connected with that of its sensory 
organs in all their details. 

On the other hand, Miss Fielde claims that in five years 
she has not found in the antenne of ants any other sense than 
a chemical one; Wheeler therefore rightly objects that she 
has completely ignored the tactile hairs of the scape and the 
base of the funicle. But from another point of view, the 
proof that these hairs are tactile can only be provided by 
analogy with certain hairs of other parts of the body, whereas 
topochemical smell dominates all the antennal activities of 
ants. Hence this polemic is not very conclusive. Miss 
Fielde certainly declares that an ant which had been in a 
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Petri dish for a year behaved as though perfectly at home in 
another cell of exactly the same nature. Wheeler rightly 
observes that recognition of this kind would probably be 
mechanical rather than chemical. Personally I think that 
Miss Fielde is somewhat too intolerant and absolute. She 
takes too little notice of differences in sight and touch 
according to sex and species, and she is a little too inclined 
to generalize. For instance, it 1s certain that although some 
ants are very warlike, others, such as Myrmecina graminicola, 
are very peaceable. Different colonies of Formica exsecta and 
pressilabris scarcely ever fight one another, and those of 
Formicoxenus have never been seen at war. True, both of 
these live in extensive polycalic colonies, which must have 
very mixed odours, and Miss Fielde thinks that these must 
render them more liberal-minded and consequently more 
peaceable. The large Camponotus, on the other hand, are 
generally as warlike as they are intolerant, and I once proved 
that a short separation of a few weeks is enough to destroy 
the power of recognition in % of the same C. digniperdus 
colony. All these facts have to be considered as a check upon 
over-hasty interpretations. The duration of memory may 
also vary according to species. 

However that may be, such criticism of details does not 
detract a whit from the value of Miss Fielde’s magnificent 
experiments, or from the additional depth which she has 
given to our knowledge. Her experiments should be con- 
tinued by young myrmecologists—especially those concerned 
with successive amputations of the last funicular segments 
and the consequences they entail. It was Miss Fielde’s own 
desire that this should be done. 


Chapter ITI 
ORDINARY WARS AMONG ANTS 


When I was at school, they used to stuff our brains with 
the wars of Julius Cesar and the learning of Greek verse 
from the Iliad, instead of teaching us to do free work in art 
and scientific observation, by induction and personal intuition. 
In those days my interest in ant-wars moved me to devote to 
them an epic which I entitled ‘La Myrmécade’; but as I 
was entirely without the poetic gift, I soon perceived the 
triteness of my work; it was but a wretched plagiarism from 
Homer, and I| put it in the waste-paper basket without 
finishing it. My epic described a war between some 
Formica pratensis and some Formica sanguinea, and indeed, a 
poet knowing as much aboutants as Meeterlinck knows about 
bees might do well to take up my childish idea. I must 
request my readers to look at Plate I, which represents a 
war between two Formica pratensis colonies, and Plate II, 
which depicts another between this species and some 
Tetramorium cespitum, both drawn from nature by 
Heinrich, who watched the wars which I instigated in order 
that I might have them illustrated. In addition to the two 
Formica pratensis 8 shown at the bottom and on the left of 
Plate I, the reader should imagine those which are gripping 
one another with their mandibles and curling up their 
abdomens, and with his mind’s eye watch them bespattering 
one another with poison as the Formica pratensts Ofabiates Lil 
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is doing to a man some distance away. He will then have 
the whole reality in front of him, and in a few moments the 
two combatants will be but a pair of corpses, still shining 
with the liquid poison which has just covered them. 

Why is it that such fundamentally social creatures as 
ants should be guilty of such terrible wars between various 
formicaries? The reply has been given by Miss Fielde and 
myself in the two previous chapters. But this reply contains 
a contradiction in itself; why should different topochemical 
odours suffice to bring about war, when different species 
and even different sub-families may form alliances among 
themselves? Why then should the selection and mutations 
of phylogeny have tended to create differences in odours 
which bring about wars between creatures so capable of 
peaceful social alliances? I frankly admit that this question, 
which touches upon metaphysics, sends me off into a brown 
study for a while. If things were not as they are, in principle 
there would be nothing to prevent a ‘universal formicity.’ 
But if ants lived in peace with one another, what would they 
feed upon? They would be obliged to limit their reproduc- 
tion by eugenics, and would moreover be continually forced 
to kill other animals and exploit their cattle in order to live. 
Let us own outright that we had better relapse into silence 
here than build up vain hypotheses; better bow our heads to 
fact than argue as to its ‘why.’ We must be content to state 
that neither sheep, nor swallows, nor cock-chafers, nor bees 
are free from mutual warfare, and that the termites are very 
rarely so—like our phylogenetic cousins, the apes. 

1 Derrenstve AND Orrensive Wars. As I pointed out in 
1874, the warlike ‘virtues’ of ants vary according to three 
principles: 

@ SPECIFIC PECULIARITIES. ‘These are all the transitions 
imaginable between the most valiant of ants, Po/yergus 
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rufescens, which knows no fear and seeks no retreat, even 
when alone in the midst of thousands of enemies, and its 
opposite extreme, Formicoxenus and Myrmecina, which I have 
never seen fighting, either singly or in defence of the colony. 

b THE POPULATION OF A FORMICARY. ‘The greater the 
number of inhabitants, the more enterprising and aggressive 
they become. The handful of small § in an incipient formi- 
_ Cary are generally very timid, and will hide and block up 
their nest-opening. 

¢ sTRAYING. As a general rule, when an ant strays a long 
way from her nest, her courage diminishes in direct ratio to 
the distance separating her from this nestand her companions; 
conversely, it increases at the same rate as the ant comes 
nearer again to her companions and her dwelling. 

We cannot therefore judge them accurately without 
considering the three above factors in their numerous 
combinations. 

True wars of defence are invariably wars of the weak 
against the strong; here | am not speaking of human 
hypocrites and their preventive wars which are supposed to 
be defensive. When it is possible to mobilize an armed 
force, the most common defensive measures on which ants 
rely are their hard, tough carapace, rapid flight, the faculty 
of ‘shamming dead’ by folding up their legs, a very secluded 
position for the nest and the obstruction of its doors by 
earth or other materials. Apart from these, most ants have 
one or several % to guard the doors of the nest with their 
mandibles and defend it against any individual or collective 
assault. In Part V we shall encounter a special adaptation 
of the 2, door-keepers for this purpose. We have seen 
Formica rufa and her kindred close their doors in the evening 
and open them in the morning with wooden materials; other 
species do the same thing in a different way, always for 
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purposes of defence. Colour-mimicry in the porters or in the 
whole nest will sometimes serve for defence. For instance, 
the colour of the nest of certain Polyrhachis of Java is a life- 
like imitation of a lichen which abounds on the tree it 
inhabits. The underside of a stone, or the bark of trees, 
also partially protects the dwelling of many ants against 
their enemies. 

In this connection I must not forget 4zreca hypophylla, 
which makes a cover for her little nest by connecting the 
bark of a tree, by means of a little carton, with the leaves of 
a climbing plant which leans against it. 

But the great question at issue is how to live and feed the 
young, and there are various ways in which weak ants can 
tackle this problem. ‘Those blest with great agility climb on 
to grass-stems, and even hunt for the corpses of large and 
stronger ones in the immediate vicinity of their dome, if 
not actually on it—especially when the two species are at 
war. ‘They accomplish marvellous acrobatic feats in trans- 
porting these corpses, or even half-dead ants, from one 
blade of grass to the other, without touching the ground, 
until they are in safety. Some which are very small creep 
on the ground or the sand, in among the others, and as soon 
as the large ones show any sign of having perceived them, 
they feign death and so achieve the same result. ‘They 
behave in the same way on trees and near aphids which are 
free, not enclosed, and also near flowers whose nectaries 
tempt them, decamping directly they are threatened by a 
stronger ant or the members of a more thickly-populated 
formicary. Then, too, they sometimes lay hold of the 
corpses of insects or small animals weaker than themselves. 
In short, they behave like simple thieves on the highways and 
by-ways, though they have as much right to all that they 


steal as the strong ants; for you must remember, dear 


ORDINARY WARS AMONG ANTS 63 


reader, the so-called right of individual property is not 
recognized among the ant-folk. 

Weak and slow-moving ants which are provided with a 
hard carapace, like Myrmecina, Proceratium, Alfaria, Serico- 
myrmex, etc., solve the problem by living underground, 
beneath stones or in rotten wood, in small hidden nests, 
whence they come out in search of corpses, etc., trusting to 
the hardness of their skin and feigning death when other 
ants squeeze them vainly between their mandibles. 

Offensive wars are the business of large formicaries of 
certain species which are particularly daring and combative. 
Their purpose is to conquer the means of subsistence by 
violence and extend forcibly the collective domain of the 
formicary. In contrast to the weak ants which own nothing 
but their small, hidden nests, the ants which feel that they 
are strong arrogate to their formicary the right of collective 
ownership, and so long as they prosper, they strive to extend 
this right further and further. This is especially true of 
independent polycalic colonies. In short-sighted ants such 
as Lasius flavus this ownership extends to the aphids through 
subterranean passages, and in certain Dory/inaz it covers their 
provisional hunting-ground. But in the outer world, among 
ants with comparatively good sight, collective ownership is 
represented by a portion of a meadow, a tree or several trees, 
a wood or even a stretch of sand. A strong colony tries to 
enlarge its domain at its neighbour’s expense—to reach 
their meadows, their trees, etc. This is the source of wars. 
There is a great deal of amusement to be obtained in watch- 
ing the skirmishes which precede wars of this kind. A 
colony which feels at homé on a tree seeks to attack all 
strangers from the vantage-point. Feeble robbers, as we 
said before, can only creep and intrude and evade. Indi- 
vidually, the strong ones begin in the same way, but as 
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their numbers increase, they grow gradually stronger and 
stronger and show more spirit. And thus it happens that 
a tree on which aphids have settled, for instance, may 
become the pretext for a spontaneous war-epic, Ssiichsasmel 
once observed at Vaux between two kinds of Formica 
pratensis colonies. But as in the wars of men, the result is 
not always as we should desire it. If the two formicaries are 
approximately equal in strength, they exterminate each 
other without any definite result, and the third thief which 
benefits by it all is a tribe of small, weak ants, which 
can then bear away corpses from the battlefield as we have 
explained before, frequently the same night, as food for 
themselves and their brood; this! have often seen them doing. 
In these cases, as the two sides grow weaker they eventually 
realize the fruitlessness of their efforts, after which they lose 
heart and gradually end their war, which may have lasted 
for several days, by a truce which enacts that each shall 
studiously avoid the frontiers of the other’s domain. How- 
ever, ants are like men; despite their memory for odours, 
they often forget the lessons of the past, and in the following 
year the war begins again. 

The loss of a tree infested with aphids is one cause of 
progressive degeneration in acolony and the permanent 
loss of its spirit. We have already mentioned this 
sudden loss of spirit among ants which have been put to 
flight in war as a psychological phenomenon of feeling. 
Under these circumstances, they are seen to abandon 
their nest and even their precious brood. In short, wars 
on a large scale often do colonies more harm than good, 
whereas easy triumphs over much weaker colonies add to 
their strength. 

2 ‘Tue Weapons or Ants. .The weapons used by ants 
vary almost as much as their species, and we must 
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understand their nature in order to understand these wars. 
Chief among them are the following: 

The agility of our friends is often incredible, and will 
make a terrible foe of a small ant with a weak covering of 
chitin, which can be killed with a single pinch of the 
mandibles. The long legs of these creatures enable them to 
dart like arrows, so that nothing can be seen of them but 
streaks flying without wings in every direction. This 
description applies to Prenolepis longicornis, Iridomyrmex 
humilis, Macheromyrma bombycina, Acantholepis gracilicornis, 
and other species. The agility of these ants renders 
them extremely daring and aggressive, for the other 
species are incapable of reaching them. Thus I have seen 
Pr. longicornis reigning like a queen over the lanes and roads 


‘of the island of St. Thomas, as she does in the hot-houses 


of Paris, and as VM. bombycina (see Plate I, Part V) does over 
the dunes of Biskra in Algeria. But there are ants less prone 
to running away, such as Tapinoma, Azteca, Cataglyphis, 
our Serviformica picea, etc., whose agility is none the less so 
great as to be one of their principal weapons. 

The second great weapon of all ants consists of the 
mandibles. Fig. 3, Part I, has given us an idea of some of the 
shapes they may assume. Plate III shows us the mandibles 
used for piercing the heads of other ants; finally, figs. 1068 
and C show us directly how they achieve this purpose. We 
have seen how the mandibles of Odontomachine (fig. 3E) 
are utilized, not only for pinching but for threatening and 
leaping, and how Acanthognathus has two kinds of mandibles, 
one short, for carrying, the other long for defence. The 
harvesting ants, Messor, Holcomyrmex, etc., as well as the 
Pheidole 2,, use their mandibles not only to cut up seeds or 
prey, but also to bite and slay their enemies. Ants with 
sharp mandibles cut leaves and also the bodies of species 
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which they fight. Ordinary mandibles with dentate terminal 
edges, used for carrying, sawing and building, may also 
crush small enemies and saw off the heads of large ones; 
small ants use them for clutching hold of big ones by the 
legs and antenne, as the big ones also do to each other. 
This process can be plainly seen in Plates | and Lie 
Certain curved mandibles belonging to the 2| of Eciton, 
etc. (fig. 3, Part I) are used against mammals rather 
than ants. 

The sting, with its pricking function, together with the 
poison it ejects, is the most formidable weapon of the 
Ponerine and many Myrmicine. But it has no effect upon 
ants unless it is capable of reaching the soft parts. It 1s 
powerless against the hard, spine-covered carapace of 
Cephalotes atratus, for example, which Eciton attacks in vain 
in Venezuela. Some European Neomyrma rubida, on the 
other hand, killed within one hour all the Formica pratensis 
which I heaped up on their nest. In order to wield its sting, 
an ant seizes her enemy by a limb, which she uses as a 
support, and then curls her abdomen round it and seeks a 
vulnerable place on the creature’s body, wherein to insert 
the sting. 

In the Formicine the sting 1s replaced by a poison-squirt 
from the anal vesicle, as shown in Plate III. A douche 
(Plate I below) of the formic acid contained in the poison 
often suffices to kill the enemy. The ant seizes the latter how 
and where she can, curls her abdomen round it and sprinkles 
any haphazard part of its body with formic acid. But 
whereas the Formica, especially those of the rufa group, use 
and abuse their poison in their combats, Camponotus, Lasius, 
Prenolepis, etc., do so to a much less extent. 8 of the sub- 
genus Myrmobrachys of Camponotus, on the other hand, 
rear themselves up on their back legs and shoot out their 
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poison some distance away, as Formica rufa does. | myself 
have observed this in the case of M. zoc in Trinidad. 

In the Dolichodering (except for Aneuretus) and many 
Myrmicinz, the poison vessel and the sting are atrophied to 
such an extent that they have ceased to be of any use. In the 
Dolichoderine they have been replaced by anal glands 
whose poison is a terrible instrument of war, especially for 
defensive purposes. Fig. 97 shows how Tapinoma erraticum 
uses it to puta little. prasensis 8 out of action, but she often 
does the same thing to the 
large species. As soon as 
this poison comes out of 
the anal vesicle, it gives 
forth a strong aromatic 
odour and begins to effer- 
vesce, and is_ presently 
transformed into a resin- 
ous matter. This sticks to 
the antenne and accord- 
ingly destroys the topo- 
chemical smell in_ the 
enemy at which the Tapi- 
noma directs it. For this 
purpose, the abdomen of 
most of the Dolichoderina, 
moved by a petiole which 

Fig. 97 is almost scaleless or whose 

scales are much depressed, 

is extraordinarily mobile in every direction, and has an 
inimitable way of twisting about. Jridomyrmex, Azteca, 
Liometopum, etc., put their most terrible enemies to flight by 
this means. I myself have seen Eciton Burchelli withdraw 
before some 4z/eca which were making passes at her with 
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their abdomens. While discussing the parasitic ant Bothrio- 
myrmex merionalis, whose anal gland can be seen in ficw2s 
Part I, we remarked (Part III, Chapter II) how injurious 
its anal poison is to other ants, though it gives out no odour. 

The sting of the Doryline tends to be weak, and for 
offensive purposes, therefore, they chiefly depend on their 
numbers, their courage and their mandibles. Other ants, 
such as Oxyopomyrmex, according to Santschi, have special 
secretions which frighten their enemies. Still others, such 
as Dendrolasius fuliginosus and other Lasius, emit a repulsive 
odour, which also seems to harm their adversaries. Hence 
not only are ants well equipped by their senses, as Miss 
Fielde says, especially by their sense of smell, but also by 
their arms. 

3 Wars BrerweEeN ENEMIES OF THE SAME SPECIES. 
Desirous as I was of witnessing the epic deeds of which I 
had dreamed in my childhood, one fine spring day I grew 
weary of waiting for a war to arise spontaneously, and 
deliberately brought it to pass. In such weather ants sleep all 
night long and crowd together in the morning above their 
nest, so that it is easy to put them all into a bag together. 
I was not satisfied with the Trojan inhabitants of nest X, 
nor the Greek population of nest Y, but chose to add a third 
camp, full of Persians, which I will call Z. The Iliad, or 
rather Myrmecad, gained in tragic interest on this account. 
The three camps consisted of different colonies of Formica 
pratensis. 1 must mention that as the fighting tactics of ants 
belonging to the same species are instinctive, they are always 
the same on both or on all three sides, and this is an impor- 
tant point to remember. 

Nest X, whose inhabitants were slightly smaller than 
those of Y and Z, stood on a sloping piece of turf. I poured 
a bag full of the 7’s about 1 metre to the left of nest X and 
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another full of Z’s in the shade of a bush about 3 metres 
to the right of the same nest. As yet none of them had any 
brood. 

It was early morning, before 8 o’clock. The Y’s, having 
recovered from the shock of being gathered and turned out 
of the bag, remained on their mound, put it in good order 
facing the sun, and scarcely ventured away from it, while 
the X’s opened their doors and began to run out on to one of 
their exposed paths which lay in the direction of the Y's. 
So they strayed unsuspectingly, one by one, into the midst 
of the 2°s and were seized upon, drenched with poison 
and slaughtered; and it was more than half an hour before 
they could give the alarm. A thick tuft of grass separating 
them from the 7’s mound also made it somewhat difficult 
for them to return. 

The 2°s gradually became excited; a considerable 
number of their $ went to see what was happening on the 
right and came within 2 decimetres of nest X, some of 
whose stragglers had at last succeeded in escaping and had 
gone back to give the alarm to their formicary. A number 
of X 9, which had hitherto been warming themselves 
peacefully in the sun, then set out on the march and took 
possession of the tuft of grass and its neighbourhood. 
Several fights took place, mainly among scattered groups, 
but they were sharp enough to alarm the 2s, which were all 
on the alert, having been wakened by their journey in the 
bag. They accordingly formed a close column, marched to 
the left of their nest, released their companions and captured 
the X 8, which they dragged back to their mound and slew. 
At this juncture the alarm became general in the camp of 
the X’s, which ran in close ranks through the tuft of grass 
and 2 decimetres farther to the left, where they formed a 
complete battle-front at half-past eight and did not shift their 
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position until half-past nine. There was a steady increase 
in the number of reinforcements, and also in the violence 
of the battle. Though the Trojans were the smaller of 
the two forces, they were capable of putting up a good 
defence. 

Compared with the fighting between /. sanguinea and 
pratensis, this battle displayed.an almost pedantic regularity: 
a single front, 1 decimetre broad, on which strength and 
numbers were the all-decisive factors. Chains of from 
three to seven ants were formed, like those seen in Plate X, 
but much closer, especially on the ground. The individuals 
in these chains clung to the ground and made extraordinary 
efforts to drag each other into their own camps. At the same 
time, all the § which could manage to curl their abdomens 
drenched their adversaries with poison. As Huber says, 
sometimes in the heat of the battle we see a § make a mistake 
and bite a companion instead of an enemy; but she nearly 
always realizes her error in time, thanks to her antenne, and 
lets her friend go before she uses her poison. Very occasion- 
ally, however, in multiple battles, accidents will occur 
simply through clumsiness. In that case, the companion 
pays her back in her own coin, and the enemy takes advan- 
tage of the fact to drag the two unfortunates half-dead to her 
camp, where we can picture their end. Plate X shows some 
FP’, pratensis seizing hold of each other by the mandibles, legs 
and antenna, but sometimes they also take hold of their 
enemies by the head, thorax or petiole. Many a time have I 
seen large pratensis $ crush the head or thorax of a small 
enemy § with a single stroke of their mandibles. At the top 
of Plate X we may also see the preliminary threats offered 
before the fight by an Achilles and a Hector, and two corpses 
at one side of them. 


Nevertheless, by dragging all the chains gradually along, 
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with them, the Y’s were managing to gain the upper hand, 
while the X’s took few prisoners: they went on working peace- 
fully on their dome, however, as though nothing had hap- 
pened. I evensawafew § which were setting out for the fray 
stop for a few seconds—not more—to taste some tempting 
honey which I, the Satan of the epic, had set in their way. 
About half-past nine, the 7’s made a heroic dash and broke 
the front of the X’s, forcing them to retreat for a decimetre 
and a half, to a spot 5 centimetres to the left of the grass-tuft. 
Here a plant, a dry leaf and a little fallen twig offered the X’s 
a rampart and checked their retreat. But now a lamentable 
panic overtook the camp of the X’s. On their dome I saw $ 
cross one another’s paths in all directions, with two or three 
sharp, jerky blows of the antennez, their mandibles half- 
open the while. For a moment I thought they were going to 
escape altogether, but instead of this, the whole formicary 
was aroused by the general alarm, and hosts of warriors 
surged out through every door to save their native land from 
the invader. They widened the battle-front on both sides 
and outflanked the 2’s. ‘The latter had taken hundreds of 
prisoners, after concentrating all their strength on the field, 
but were unable to break through the last line of the X’s. 
The battle then waxed fierce; 3 square centimetres of land 
were literally covered with chains of ants pressing one against 
the other and struggling with the fury of despair. 

At about half-past ten, the front of the leaf and the dry 
twig became untenable for the Y’s, which were overwhelmed 
on all sides. Despite their efforts, they in their turn were 
obliged to retire to the old front they had held at half-past 
eight; but they were unable to maintain this position. The 
unwearying X’s continued to advance, in spite of the fierce 
resistance of their enemies, which lasted till 11 o'clock. 


By midday the X’s had reached the edge of the Y mound, 
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and their enemies, seized with a general panic, fled in dis- 
order about the meadow. The Trojans had vanquished the 
Greeks. But the X’s did not pursue the enemy, and we 
shall see why. 

All this time the Z’s had remained in the shade of their 
bush—the more calmly since the X’s, being over-concerned 
with their left, had deserted the right. Then Satan (repre- 
sented by my humble self) sowed discord by gathering the 
Z’s nearer and placing a few fragments of their mound 
in the direction of nest X, so that by about 11 o’clock a 
few fights were taking place some 2 decimetres away 
from nest X. As soon as they had finished with the 7s, the 
X’s turned upon the Z’s and began once more to wage 
violent war. 

But since the Z’s on the one hand received no reinforce- 
ment, and the X’s on the other were weary of fighting, it 
soon came about that the X’s advanced no further than was 
necessary for defence, whereas at about 12-30 the Z’s 
began to retreat. Towards 3 o’clock in the afternoon 
they were evading each other rather than fighting, and the 
strife came to an end for want of combatants. After these 
two battles, hundreds of corpses covered both battlefields, 
especially that to the left of the 2s. 

Two days later, I placed an enormous handful of X’s on the 
provisional nest which the Z’s had dug out for themselves, 
and allowed them to besiege this fort. The X & pulled 
nearly all the Z § out of their nest and killed them in broad 
daylight; the few remaining Z’s, like the defeated Y’s, 
fled in distress to settle farther off and found small nests for 
themselves. The epic was at an end; the Trojans had van- 
quished both Greeks and Persians, and Satan was satisfied. 
In conclusion, we may note that the F. pratensis, unlike the 
Ff, sanguinea, continued to wreak their fury upon their 
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half-dead enemies, even when they could no longer move 
anything but the ends of their tarsi. 

Different formicaries of Tetramorium cespitum will break 
out at any moment into spontaneous battles; I have even 
observed this in those towns of the United States to which 
European T. cespitum have been imported. At Zurich in 
1870 I even observed a battle of this kind extending over a 
piece of ground more than 30 metres long, at the edge of a 
grass-bank near the University. The sting played a great 
réle in this battle; the ants curled their abdomens back one 
against the other, and thousands of dead bestrewed the 
ground. Three or four were seen to surround one other, and 
when they had been separated, this solitary one was found 
to be mutilated and half dead. These wars that I watched 
lasted for more than a month in springtime, and their 
intensity never slackened until they were nearly over. The 
nests are at the same time so common and so scattered 
between the paths and in the grass, that it is almost im- 
possible to discern which region belongs to a particular 
community and which are their respective exit-holes. In 
1872 I observed some hundreds of these conflicts in the 
suburbs of Vienna. 

But sometimes they are not very serious conflicts, and the 
sting plays hardly any part in them; it may almost be ques- 
tioned whether they are not more in the nature of games 
such as we have described in Part III, Chapter III. One 
day I saw 2 square centimetres covered over with a black 
mass of T’. cespitum, which were pulling at each others’ legs 
and antenne. None of them curled their abdomens, and 
there was no violent expenditure of effort. All the § stood 
still and pulled in opposite directions. Nothing was in 
motion except the antenne and the abdominal rings, which 
were moving upon one another—perhaps stridulating. | 


Re 
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made a single gesture to frighten these ants, and it had the 
effect of making them all relax their holdand flee, each to her 
own hole. None of them were dead, and only a few $ were 
suffering from a scarcely perceptible limp. I have witnessed 
all kinds of transitions between affairs of this kind and battles 
such as the one quoted above from my observations of 1870. 
Working on the lines suggested by Miss Fielde, there 
should be material here for the study of odours. 

I also observed a fierce spontaneous conflict between two 
colonies of Myrmica levinodis, in which the sting came into 
action. 

In the Swiss Alps I came on the scene of a spontaneous 
fight between two colonies of Camponotus herculeanus. he 
one colony O inhabited the interior of the enormous hollow 
trunk of a dead larch. The ants poured out of their nests in 
hundreds and ran wildly inall directions, knocking the trunk 
with their abdomens and striking each other on the forehead. 
The noise was distinctly perceptible to my ears. The ants 
ran to the foot of the trunk, where the enemy P was waiting, 
having, apparently, come from a wood situated on the other 
side of the road, which a few of their stragglers were still 
crossing. ‘he P’s appeared to be the aggressors, but they 
were repulsed with loss by the O’s. However, I saw one 
O & spring impetuously at a P $ and let her go without 
being able to bite her. The two combatants often seized 
each other by the body and rolled on the ground, and often 
one of them would emerge from the encounter in a mutilated 
condition or half cut in two. The O’s, being more numerous, 
were reinforced, and the worker P was then torn in pieces. 
Others were simply beheaded. Strictly speaking, indeed, 
in the wars of the Camponotus, unlike that of the Formica 
and Lasius, the strong mandibles of the large 8, moved by 
their powerful muscles, play a much more important réle than 
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poison. This also accounts for the fact that enemy Cam- 
ponotus rarely seize each other by the legs, since they are 
afraid of being beheaded or cloven in two. 

Gounelle relates how Camp. (Myrmobrachys) mus of South 
America, when attacked, gives the alarm by striking violently 
on its nest of leaves, thus producing a noise very much like 
that of a rattle-snake. Camponotus (Myrmothrix) Hannani, 
which I myself discovered in Jamaica, behaves in a similar 
fashion inside its nest, partially constructed of carton. 

As I said before, Polyergus rufescens, Huber’s amazon or 
legionary ant, is the boldest of all, and never retreats before 
an enemy. As for her conduct towards enemies of her own 
species, we have the following information from Huber: 

“T decided to use the ants in my apparatus for an experi- 
ment which I had long contemplated but always put off 
because I became attached to my prisoners. It was my 
intention to set two legionary armies against each other: 
with this aim in view, I waited until those of another mixed 
formicary situated in the garden were taking their departure, 
and I put the artificial formicary in front of their column. 

After a little bickering, which took place at the door of 
the apparatus, the ants inside came out in full force, and the 
enemy column seemed to be desirous of avoiding the battle; 
first it changed its direction, then it retraced its steps and 
returned to its home. Several ants began to pursue it: some 
of them went as far as the enemy formicary, but were 
retained there; I only saw two or three escape and hurry 
back. The whole amazon army then came out, and moved 
in the direction of the mixed formicary. I expected a 
general engagement; but when the column was a few paces 
away from the entrance, it wheeled round and went back, 
except for a cluster consisting of about three hundred 
legionary ants, which continued their way until they reached 
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the formicary. Those at the surface seemed to be in a very 
excited condition, as though they had foreseen the attack 
which threatened them. When the little troop arrived, they 
fought each other hand to hand; but the strangers rushed 
into a gallery with such impetuosity that the others could 
not stay them. This bold incursion availed them nothing, 
for they all perished, though not before they had worked 
considerable havoc, for when the amazons of the natural 
colony began their expeditions again, I saw that their army 
was reduced to half what it had been before. The artificial 
formicary had not suffered such severe losses. I replaced 
it on the grass, and left the black colony free to emigrate, 
which they did in the same order as on other occasions.” 

Later on, in 1869, I repeated Huber’s experiment with 
the amazons of my apparatus, which I set down near an 
enemy formicary at 4 o’clock on an August afternoon. The 
enemy army dared not come out. A group of Polyergus ran 
from my apparatus, and a terrible conflict followed. The 
enemy amazons seized each other by the thorax and bit 
furiously. They formed themselves into little knots of five 
or six, and rolled on the ground till it was impossible to 
distinguish individuals. My ants were all killed, but the 
bulk of the army did not come out. On the whole, therefore, 
I merely confirmed Huber’s statements. Here again, the 
hooks of the mandibles were used to more effect than poison. 
In Polyergus the battle-fury sometimes becomes terrible; 
they snap right and left with their jaws and abandon all 
distinction between friend and foe. They are like mad 
creatures. 

With regard to fighting between various Formica san- 
guinea, | must refer the reader to my remarks in Chapter I § 2 
above, and similarly for Leptothorax. In these cases, alliances 
are more frequent in nature than wars. 
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As for the Dolichoderinz, | have observed wars between 
different colonies of Tapinoma which fight very fiercely, but 
seem to receive less harm than other ants from the secretion 
of their anal glands. On March 29th, 1868, I had estab- 
lished a formicary D of this genus in a small glass-covered 
apparatus with frames, inside which was a little earth. The§ 
had here built some large chambers between the two glass 
walls, whence they departed in search of food, through the 
single exit-tube which communicated with the manger. On 
finding another formicary E, which was larger and contained 
stronger 9, I took it as a whole and placed it in communica- 
tion with the same apparatus by means of a plaster arena and 
the tube. A sharp fight began between D and E. The D’s 
had the worst of it, and being unable to flee to any other 
place, they withdrew into the apparatus, where they made a 
wall of earth in front of the E’s. Their enemies then 
ensconced themselves in the front part of the apparatus and 
accordingly remained in sole possession of the manger, 
which I restored after removing the arena, deserted by the 
E’s. Not caring to dig chambers for themselves, these E’s 
destroyed the wall of the D’s several times, and every 
breach was followed by a short combat in which a few D’s 
were dragged away and killed by the E’s, while their sisters 
hastened to repair the wall farther back with earth from the 
bottom of the apparatus. 

This guerrilla warfare continued until May 7th, that is 
for a month anda half. At the end of this time, the D’s were 
all driven to bay at the bottom of the apparatus, and nothing 
was left to them but a last feeble earth wall. They had kept 
an unbroken fast all this time, but despite this none of them 
_ were dead, except the few § killed by the E’s. They had even 
sustained their 9, some of her eggs and a few larve at the 
expense of their own bodies, which had become remarkably 
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thin, in contrast to the large, well-filled abdomens of the 
E’s. On May 6th, I placed the apparatus in the sun, and 
several breaches were made, followed by fighting, but the 
D’s continued to repair the earth-wall. On the 7th their 
new position in the sun became untenable; one breach was 
made after another. Several D’s were dragged about and 
mauled by the E’s. When I returned from my university 
course, all was over; the D and E chambers were in com- 
munication, and all the ants were intermingled. Brawling 
had ceased, and the alliance was complete. 

Four or five corpses, found in the manger that evening, 
alone bore witness to the final fray. The E’s regurgitated 
honey-dew to the D’s, and henceforth they lived in perfect 
harmony. 

4 Wars Between Enemies oF DIFFERENT SPECIES OR RACES. 
Here an enormous réle is played by the way in which the 
Specific tactics vary instinctively. The most interesting habits 
are those of Formica sanguinea when pitted against FP. 
pratensis, whose manner of fighting with her own species has 
just been described. Instead of forming a battle-front, the 
sanguinea proceed by sudden surprise attacks. While the 
pratensis front advances in massed formation the sanguinea 
retreat, but they send out squads to make flanking move- 
ments against the pratensis front, and carry out sudden 
attacks on the flank or in the rear with incredible daring, 
thrusting their way amid the enemy, biting to right and left, 
but never running amok and injuring the ants thus thrown 
into confusion. Such tactics on the part of ants as large 
and strong as these sow disorder in the close ranks of 
the pratensis. Provided the sanguinea have only half their 
numbers, and are insistent in their attacks, the front of the 
pratensis grows visibly weaker, for they have wasted their 
strength and their time in wreaking vengeance on half-dead 
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enemies. The sanguinea have an uncanny way of recognizing 
any sign of hesitation or weakness on the part of their 
enemies, and as soon as they perceive these signs there is no 
limit to their daring. Each of them then springs single- 
handed into the midst of a surging host of pratensis, and 
delivers its blows with redoubled speed and insolence. Soon 
the pratensis are at the end of their resources, and over- 
whelmed with their growing despair, they know not what 
to do with their brood. But as soon as a sanguinea catches 
sight of a larva or cocoon, she snatches it at once from its 
bearer, which has no longer the courage to dispute it with 
her, even when the sanguinea is small and single-handed in 
the midst of a host of enemies whose discouragement she 
senses. Only when the sanguinea are too scattered or when 
the temperature is too low will the pratensis pin them to the 
ground and slaughter them. But when they feel that they 
are vanquished, the sanguinea retire in good order with their 
brood before the F. pratensis. 

But the same tactics which render one species strong when 
face to face with another may render it weak when face to 
face with a third. We shall see the truth of this in the case of 
P. rufescens when matched with FP. sanguinea. 

In 1871 I observed a small spontaneous war between 
two different races of Myrmica scabrinodis, one small and 
pale and the other large and dark. The small ones, being 
more numerous, seized the dark ones by the legs and pinned 
them to the ground, where they tried to kill them with their 
stings and mandibles. But this species is very tough. The 
large ants were presently reinforced, and thereupon both 
sides formed chains and pulled at each other. One § seized 
an enemy by the frontal grooves, and so uplifted her 
and bore her to her camp. As the dark ants eventually won 
the day, the small ones disappeared as though by magic into 
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the cracks in the ground, and blocked the little holes leading 
to their nest with grains of earth in such a thorough fashion 
that the dark ones were unable to follow them, and took 
their departure. 

Wars between different Camponotus species closely 
resemble those described above as between two colonies of 
C. herculeanus. 1 provoked a fight between some C’. vagus in 
a flask and some C. /igniperdus ensconced in a piece of wood 
which they had sculptured. A Camponotus frightens its 
adversary by a violent forward movement of the whole body, 
holding its antenne down and pointing backward, and keep- 
ing its mandibles open and the position of its feet unchanged. 
The large $ which guard the doors of the nest behave in a 
similar fashion, rather like that of Odontomachus, but 
without afterwards leaping back so far. At the same time 
they rear up as high as possible on their front legs to avoid 
being seized from behind. If they manage to get hold of an 
enemy’s body, they contract their solid mandibles with all 
their might to crush or decapitate it, curling their abdomens 
as they do so in order to pour their poison on the wounded 
place. When they seize each other by the mandibles, they 
soon let go, for this, except for the chance of using poison 
which it offers, is reckoned an unsuccessful attack. These 
are the tactics of the large $; the small ones keep behind, or 
sometimes they cling to one of their enemy’s legs and are 
slain, 

Despite their smaller numbers, the vagus, which were 
more robust than the /igniperdus, killed more victims than 
they. For instance, a large vagus, which had contrived to 
catch a big /igniperdus by the neck, squeezed it so tight that 
all the limbs of the enemy were convulsed, and its head 
rolled several centimetres away from its body. The vagus 
army gradually conquered the entire nest, and next 
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day they brought their larve thither and posted a large 8 
on guard before every opening. When I opened the flask, 
the /igniperdus were seized with panic, and ceased to defend 
themselves, but they carried their brood away and tried to 
climb on the glass. The vagus then fell upon them and bit 
them on every side, one little 8 displaying special ferocity. 
A large ligniperdus was half decapitated and afflicted with 
convulsions, but she partially recovered, opened her 
mandibles, recognized her enemies, and, not perceiving 
the signal for retreat, went on biting entirely on her own 
account; she almost went so far as to seize a vagus by the 
neck, but two vagus captured her and pulled her in the 
opposite direction. The commissures of the ganglia between 
her head and thorax, already damaged, were now completely 
sundered, and she perished. Then followed a kind of truce, 
in which the foes showed their teeth at each other and 
separated without fighting. In the evening, I placed in the 
flask about ten big and somewhat darker /igniperdus from 
another colony; but they were attacked with one accord by 
the vagus and the first community of /igniperdus, and once 
more there were a few casualties. The first Aigniperdus tried 
again to escape, but the vagus retained their mastery. 
Next day, however, I found the vagus army all torn to pieces 
by the united forces of the two /igniperdus colonies, which 
had ended by forming an alliance with each other. This time 
the specific odour had triumphed over that of general 
association. I kept my ants a few days longer to satisfy 
myself as to the stability of the alliance. 

While discussing weapons, we have already pointed out 
the anal glands of the Dolichoderinz, as shown in fig 97. 
When I set a crowd of Tetramorium cespitum to attack a 
colony of Tapinoma erraticum, 1 could perceive nothing at 
first, except a mixture of the two species; but I soon 
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distinguished details, by means of my microscope. A Tetra- 
morium would open her mandibles and threaten a Tapinoma, 
which immediately turned her abdomen to one side, towards 
the enemy’s head, and sprayed it with an odorous liquid, 
bubbling and effervescent, from her anal vesicle. The 
Tetramorium, finding her antenne impeded, drew back and 
rolled on the ground, rubbing and befouling her head in the 
soil. Sometimes she would even remain there as though 
dead after receiving the discharge. I saw one Tapinoma 
spray more than ten enemies, one after the other, without 
any effort; the one essential was that the end of her abdo- 
men should touch the body of the Tetramorium. Nevertheless 
the Tapinoma were frightened by the number of their 
enemies, and probably also by the knowledge that the 
contents of their anal vesicles were diminishing, and all of a 
sudden they opened three of their nest-doors and fled in 
three close columns with their g, 9, larvee and nymphs. Ina 
quarter of an hour’s time, the whole colony had left the nest 
and sought another home, without incurring the death of a 
single $. ‘The Tetramorium had profited too much by their 
experience to make any attempt at pursuing the Tapinoma. 

FP. sanguinea, like F. pratensis, often comes to blows with 
Tapinoma, but she is treated to a douche, as we have shown 
in fig. 97, and rarely manages to seize a T. erraticum and 
crush her between her mandibles. 

The departure of the 2 and $ of Solenopsis fugax in 
autumn to their aerial nuptials is often the starting-point of 
wars between this species and the ants with which it lives in 
lestobiosis. 

I saw a violent combat which originated thus between 
some Tetramorium and Solenopsis; the latter, being more 
numerous, seemed to gain the upper hand. At other times, 
small groups of Formica sanguinea often amuse themselves 
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by hunting Lasius niger and flavus, killing their § and steal- 
ing their cocoons, which they eat but never make into slaves. 

Formica exsecta and pressilabris are predominantly peaceful 
and readily form alliances with other colonies. But in their 
wars with other Formica (pratensis, sanguinea), they have 
curious tactics, in keeping with the formation of their heads, 
which are deeply indented at the back and slightly elongated 
and flattened in front. They always march in close ranks, 
and never get far separated. Butthey are much morealert than 
pratensis, with which I have seen them in conflict. They 
leap to right and to left, constantly biting, as sanguinea does, 
but they would never at the outset wreak solitary vengeance 
on a foe. On the other hand, they would fling themselves 
two or three at a time at the legs and antenne of a pratensis, 
and begin to drag her in the opposite direction. Presently 
another exsecta 9 would climb nimbly on to the back of the 
enemy and seize her by the neck, which she squeezed with 
all her power between her mandibles, as shown in fig. 98, 
and sawed relentlessly away until the pratensis was thrown 
into convulsions and her head fell off. Meanwhile the 
exsecta which had grasped 
her by the legs had for the 
most part let go, and thus 
a number of pratensis 
could be seen carrying 
exsecta much smaller 
than themselves on their 
backs. One exsecta was 
not powerful enough to Fig. 98 
decapitate the largest 
pratensis; several were required for this purpose. However, 
if a pratensis catches hold of the body of an exsecta, she 
crushesitatonce. I have sometimes even seen exsecta succeed 
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in decapitating the § of Camponotus ligniperdus. F. presstlabris, 
being smaller in stature and in numbers, scarcely ever fights 
any ants but those smaller than herself—F’ fusca, Lastus, etc. 
They are terrified lest some enemy should seize them by 
the legs, as does Lasius flavus, for instance. F. presstlabris 
has elevated the decapitation of her enemies into a fine art. 
Some exsecta and pressilabris colonies which I once estab- 
lished at Vaux would engage in warlike campaigns against 
Lasius, Formica and even Camponotus of the neighbourhood, 
in order to steal from them bushes and stems infested with 
aphids. While in the garden of an hotel in Colombia, I 
observed a fierce fight taking place on a tree-trunk between 
one colony of Monomorium Pharaonis and another of Cremasto- 
gaster Steinheit. Vhe first army used their stings by curling 
their abdomens underneath them, while the second curled 
their abdomens upward and poured poison from the tips. 
The point at issue between them was the bark of the tree. 
On the other hand, though there are an enormous number 
of Monomorium Salomonis colonies in Algeria and Tunis, 
quite close to those of various races of Cvremastogaster 
Auberti, | have never seen a spontaneous battle between the 
two, or between different colonies of either species. 
Dendrolasius fuliginosus is shunned and feared by all other 
ants for its enormous colonies, which are often polycalic, 
and likewise for its loathsome odour. It cultivates aphids, 
but is also carnivorous. I have seen it spontaneously plunder 
the nymphs of a Myrmica nest which it had invaded despite 
the stings of the defence-force. I once put the contents of 
ten FP. pratensis colonies in front of one of the trees occupied 
by a polycalic colony of D. fuliginosus. When the F. pratensis 
first assailed them, the Dendrolasius passed on the antennal 
alarm to their other nests, situated near at hand in various 
trees of a thicket, from which thick black colums then poured 
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out and resolutely attacked the prazensis, causing great 
slaughter. The prasensis were thrown into a panic, and 
despite their numbers they fled, abandoning nearly all their 
cocoons, which the Dendrolasius eagerly bore to their trees 
and devoured. We do not know whether it is the poison 
of the Dendrolasius or their odorous secretion which is so 
harmful to other ants, but in any case they certainly could 
not kill so many F. pratensis, larger and more muscular than 
themselves, with their weak mandibles. 

The habits of Messor will be discussed in Part V. These 
ants—especially the races and varieties of M. barbarus— 
make war on each other for the sake of stealing stocks of 
grain. Compared with other ants they are heavy and clumsy. 
For instance, certain M. structor were scarcely able to defend 
themselves against a cluster of little Tetramorium cespitum 
which I had poured on to their nests, and several of them 
even allowed themselves to be dragged away and killed by 
this enemy. 

The following interesting observations were made in the 
spring of 1918, after an extraordinarily dry winter at Braila 
in Roumania, not far from the mouths of the Danube, by 
my brother-in-law, Dr. Arthur Brauns, then an army 
doctor :— 

“April 27th, 1918. During the hottest hours of the day, 
none of the Messor (speaking of M. barbarus r. meriodionalis) 
came out of their nest, while the Cataglyphis (speaking of 
C. viaticus r. orientalis) ran about in every direction. In 
summer Messor works by night and closes its doors by da: 
with grains of earth, for there is no sand at Braila. On dry 
winter days, however, as well as in spring and autumn, they 
keep their doors open by day, opening and closing them 
every morning and evening. In the evening of the 27th, 
the rim of a craterless hole belonging to Messor, situated 
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on a piece of rising ground, was dotted with large and small 
8, waving their antenne about and opening their mandibles. 
These belonged to the large, swift genus Cataglyphis, 
distinguished by its long legs and antenne. They arrived 
singly from either side, but withdrew before the defenders 
of the nest, trying, however, to catch those which ventured 
out too far from the openings,.and sometimes succeeding in 
capturing a small %. But this little creature would then put 
up so good a defence with her mandibles, and also with the 
poison of her abdomen, that the Cataglyphis would let her 
go. The courage with which a single Casaglyphis will spring 
upon such a formidable row of open mandibles is truly 
astounding, and evidently results from the confidence which 
these ants place in their agility, their relatively good sight 
and their adversaries’ slowness. The Cataglyphis never make 
a co-ordinated attack. What is more, when it happens that 
two of their § come together from two opposite directions 
above some hole in a Messor nest, they sometimes acciden- 
tally seize each other and roll over together for an instant, 
so entirely are they carried away by their battle-fury. Once I 
even saw a large Catag/yphis kill one of her little companions 
in this manner with a single snap of her teeth—needless to 
say, without intending to do so. 

Once when three Cataglyphis happened to attack a Messor 
hole at the same moment, a Messor $ managed to escape from 
his friends, and strayed about like a lost thing, unable to 
find his way back to the nest. A Cataglyphis $ caught him, 
and after a weak and unavailing struggle, bore him away. 
Winged § strove to get out of all the Messor holes, but 
strong § came to the rescue and dragged them back into 
their nests by the legs. 

May 19th. This was the swarming-day of the Messor, 
Many of their §' were caught by the Cataglyphis. I caught g 
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winged 9. In great excitement, the large Messor & drewad 
from time to time back into their nest. The biggest § took 
no part in the battles with the Cazag/yphis; they seemed to be 
acting merely as a police-force inside the nest. 

May 20th—23rd. A very hot day. The main openings 
of the Messor nests were closed, and a few small 9 only were 
labouring near the refuse-hole, throwing outa little earth and 
_ seed-debris. 

June ist. After a slight shower, the Messor set out on 
their old road in search of seeds for the first time that year. 
I saw several large § on patrol, coming and going along the 
borders of the path, but not working. Throughout the days 
that followed, absolute peace reigned once more, but the 
Cataglyphis 3 began to come out again, though they did not 
fly away. In this connection, Santschi wrote to tell me that 
he had received an ergatomorphous ¢ of Cataglyphis albicans, 
together with the ordinary winged ¢: hence we have here, as 
in Ponera Eduardi, a winged J and an apterous ¢ in the same 
species.” 

The above observations, made by such a conscientious 
observer as Brauns, are very instructive. We shall see their 
complement in Part V, in his observations entirely devoted 
to Messor. Between the two above-mentioned species, a very 
small, greyish ant, probably a Cardiocondyla, would run out 
of the cracks in the ground, but took no part in the fighting. 

My friend Dr. Santschi wrote to me from Tunis on the 
subject of wars between ants, and confirmed the impression 
that I had gained during each of my three visits to that 
country and to Algeria; the ants of those parts are much less 
bellicose towards each other than those of Europe; one 
scarcely ever sees them fighting. Can this be because the 
struggle for existence is less intense? He once saw some 
Monomorium Salomonis quarrelling with some Tapinoma 
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nigerrimum which had approached them, but this was a minor 
affair. We have an exception to this, however, in the 
Dorylinz, particularly Dory/us with its underground hunting 
expeditions, as I have often observed by reason of the 
corpses of these ants which I found, intermingled with those 
of Cremastogaster and others, while turning up the sand or 
earth with my chisel. Santschi wrote to tell me that he has 
several times observed the hurried exodus of the Messor _ 
from their nest, with all their brood. On each occasion, 
when he dug into the nest, he found the galleries invaded by 
Dorylus fulvus, which had attacked them. 

W. M. Mann, who has studied the ants of Australia and 
tropical America, wrote to me: “Apart from those of Eciion, 
I have seen no warfaring excursions by ants comparable to 
those of the European R. sanguinea and Polyergus. Many 
species, such as the American Neoponera and Pachycondyla, 
seem to me extremely cowardly. The Australian Myrmecia, 
however, is an exception. In the midst of a picnic on a flat 
rock in Australia, we were forced to run away from the 
M. gulosa, which had a mania for suddenly stinging our legs.” 

Dr. Carlos Bruch of La Plata (Argentine) wrote to tell 
me that he had seen few ant-wars in that country, except for 
those of Eciton. He is inclined to support the idea that in 
many cases, at any rate, a kind of pacific parabiosis 
between ants under the same stone is more common than a 
state of warfare. For instance, he found colonies of Pheidole 
taurus, Pheidole obtusopilosa and Solenopsis Richteri (a variety 
which does not live in lestobiosis) dwelling together in this 
fashion. After lifting the stone he observed these species 
and their brood fora considerable time. They would pass by 
without doing each other the slightest harm; so likewise did 
some Rogeria Foreli, Sol. Richteri, Brachymyrmex and Ponera 
trigona. 
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Nevertheless, Bruch has observed wars, both natural and 
artificially incited, between various colonies of So/. Richteri; 
they fought furiously, and even beheaded several enemies, 
which a number of them would attack in the neck at the 
same time. 

In his experiments with myrmecophilous beetles, Bruch 
also intermingled So/. Richteri, Acromyrmex, Trachymyrmex 
and Apzerostigma of various colonies, without inducing them 
to do each other any harm. 

lf we compare the observations of all these authors and 
those which I myself have made, we come to the conclusion 
that, apart from the Dory/inz, our ants of Europe are the 
greatest fighters and aggressors—just like the humans, alas! 

The most terrible of our European ants is indisputably 
Neomyrma rubida. But, instinctively conscious, no doubt, 
of the power of her sting, she is usually very peaceful, much 
more so than M. /evinodis. I have never seen her make a 
spontaneous attack upon other colonies. However, when I 
poured out a bagful of F. pratensis on to a N. rubida nest, | 
saw the § surround the heap of Formica and kill them all with 
their stings in less than an hour—not a single rudida being 
killed. In the same way, they kill Polyergus ina moment. A 
few N. rubida which were placed on a large polycalic colony 
of Formica cinerea survived among their myriads of enemies 
for two hours, during which time they killed many more 
than their own numbers. Similarly, some more N. rudida, 
when put on a large nest of F. rufa, resisted these opponents 
for a long time and killed many of them; some of them even 
managed to escape through the crowd of rufa. 

In September, 1867, I placed a large heap of T. cespitum 
of a large-sized variety a decimetre away from one of the 
nests of a colony of Pheidole pallidula. The alarm spread like 
wildfire, and hundreds of Pheidole 8 hurled themselves in 
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front of the foe. But all the same the Tetramorium, being 
infinitely stronger and more robust, obtained the upper 
hand of them and advanced resolutely towards the nest, 
killing a host of Pheidole 3, which still remained attached to 
their legs after succumbing to a single bite or thrust of the 
sting. A considerable number of soldiers then gradually 
came on the scene. They advanced with open jaws, dealing 
out threats to left and right, and thus succeeded in frighten- 
ing several Tetramorium % and causing them to withdraw. 
These soldiers tried specially hard to avoid being grasped 
by the legs, and to seize their adversaries in the back. If 
they achieved this aim they at once squeezed the neck of the 
Tetramorium with all their might, and promptly cut through 
it. But if a soldier was compelled to fight hand to hand with 
a Tetramorium, the match was uncertain and the victory 
often went to the latter, especially if she took hold of the 
soldier by one of its mandibles. Ifa Tetramorium tried to get 
into the nest, a soldier posted at the door would bite at her 
violently and make her lose her balance, enabling the § to 
drag her into the subterranean passages. The § always 
retired gradually from the fray, whereas the number of 
soldiers increased, and finally the Tetramorium were routed 
by the force of numbers and withdrew the poorer for many 
of their companions which had been decapitated. 

CREMASTOGASTER SCUTELLARIS, like all the Cremastogaster 
species, fights by curling her abdomen upwards, not down- 
wards (see fig. 100 4), thus drenching her adversary with 
poison, rather than by pricking with her weak sting. C. 
scutellaris fights with fury and concerted effort: the % 
sprinkle poison on the heads of the 2,, which attempt, 
usually in vain, to cut off one of their limbs. 

POLYERGUS RUFESCENS AGAINST RAPTIFORMICA SANGUINEA, 
It is interesting to bring about a conflict between these two 
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slave-making species, one of which is more enterprising and 
impudent than the other in its thefts. R. sanguinea, though 
larger and more wily in her tactics, is, however, less daring, 
less strong in endurance and less rapid in individual or 
concerted action than P. rufescens, whose curved and 
pointed mandibles she lacks. In 1869 I put a formicary of 
Polyergus in an apparatus barely 2 metres from a large 
colony of big RK. sanguinea situated at the edge of a lane. 
Several fusca slaves came out of the apparatus and were 
killed by the sanguinea, which rushed to the lane in large 
numbers and came near the communication-tube of my 
apparatus. About ten Polygergus © then ran out and flung 
themselves at the head of the sanguinea army. But in vain 
did they snap with their jaws to left and right like mad 
things: the enemy front, like an ever-widening sea of red, 
swallowed them up, and they were soaked with poison. At 
this moment I saw about sixty Polyergus come out of the 
indiarubber tube of the apparatus and fall upon the san- 
guinea front, darting into their midst, biting to left and right 
and finding some means of extricating themselves even 
when ten or twenty of the enemy were engaged with each of 
them. The entire mass of sanguinea then retreated to the 
edge of the lane and the doors of their nest, whither they 
were followed by the sixty Polyergus, more valiant than the 
300 Spartans of Leonidas. After each single combat the 
P. rufescens would stop to brush their abdomens and back 
legs. Soon the sanguinea lost all courage and their slaves 
began to bring the nymphs out of the nest. In less than five 
minutes a wild panic seized the famous Rapsiformica, which 
rushed out in a crowd, carrying their nymphs and escaping 
into the grass. They even abandoned most of their young, 
like cowards, and left them in a white mass all over the dome. 
In ten minutes’ time the nest was emptied. Half of the 


92 THE SOCIAL WORLD OF THE ANTS 


Polyergus had been killed, but the thirty remaining victors 
bore a few nymphs into the apparatus. Two minutes Alters 
the whole Po/yergus army, which had not yet moved, came 
out through the tube, went to the conquered nest, carried 
off the nymphs and filled the apparatus with them. All this 
continued until half-past eight. The sanguinea, which had 
made themselves a provisional nest in the grass, dared not 
return to their empty nest until several days later. 

The following observation was made afterwards on June 
26th, 1907, at Chigny near Morges, where I was then living. 
On the top of a wall 2 metres high, which was on a level 
with our terrace, stood a large formicary of F. sanguinea. 
This wall edged a road, which was therefore 2 metres lower 
than the terrace. On this occasion, at about 1-30 p.m., I 
saw the sanguinea run down the wall towards the east, and 
cross the road obliquely in groups. 

Supposing that they were going on an ordinary expedition, 
I looked for a colony of g/ebaria on the other side of the road, 
but instead of this I discovered one belonging to Po/yergus 
rufescens, whither the sanguinea were directing their steps. 

As I was in a hurry, I hastened matters by placing a few 
glebaria, with their cocoons, together with two Polyergus, 
before the sanguinea front. ‘The two Polyergus flung them- 
selves upon the enemy in their customary manner, like a pair 
of Japanese practising ju-jitsu. But they were killed. I then 
went and fetched some more glebaria from another (ordin- 
ary) formicary to hasten the encounter, which was not long 
in occurring, as the sanguinea had already crossed the road 
and were carrying off the g/ebaria cocoons. At this moment 
the Polyergus of the nest began to run out. 

Then began one of the most comical scenes I have ever 
witnessed in my life. The sanguinea had doubtless imagined 
that they were going to attack an ordinary g/edaria nest, and 
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my bait had whipped up their courage still further. But 
they had reckoned without their hosts! Between twenty-five 
and thirty Polyergus came out of the nest and began their 
usual ju-jitsu against this impudent foe, which fought with 
much energy. A single Polyergus, however, thanks to her 
tactics, overcame five or seven adversaries almost simul- 
taneously. What is more, the terrible hooks of the Polyergus 
clove through the brains of several sanguinea. Then only 
did the aggressors begin to understand their mistake and to 
withdraw, slowly at first, while the numbers of the Polyergus 
increased visibly. The real battle began at half-past two; at 
a quarter to three, the samguinea were completely routed and 
rushed up the wall again to their nest, followed as far as the 
middle of the road by the Po/yergus. During the days that 
followed, they took good care not to come back. 

The interesting fact about all this is that the strife between 
the two bands of brigands had been spontaneous, whereas in 
the preceding case I myself had instigated it. Although 
the sanguinea colony was very large, as was also the size of 
its 9, it would have been obliged to flee in utter confusion 
if the Polyergus had been minded to go farther and climb the 
wall. Moreover, the fact that the sanguinea took care not to 
re-open hostilities proves that individual memory had been 
acquired by their defeat. According to the theory of tropisms 
propounded by Loeb and Bethe, they should have begun all 
over again. 

LARGE AND SMALL sPEcIES. Plate XV, which depicts from 
nature a fight between Formica pratensis and Tetramorium 
cespitum, explains the matter better than any written 
description. As soon as they have the numerical advantage, 
the small ones grasp hold of the large by their limbs, and 
try to sting them or cover them with poison. The large ants, 
for their part, strive to crush the small ones between their 
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mandibles. The very small ones, such as Solenopsis fugax, 
often escape the notice and even the antenne of the large. 
Moreover, the openings of their nest, especially when their 
Q are not too big, are not wide enough to admit of raids by 
the others. In this respect our Lasius are ill-protected. 

poryLIN«&. We have already described how the Doryline 
make war, not only on insects.in general but also on other 
ants, in order to steal and devour their brood, and often to 
steal their nests provisionally also. Sjéstedt had observed 
how the Cremastogaster of tropical Africa, which nest in the 
spines of certain acacias (Plate VII 4), contrive to defend 
themselves against the attacks of the 4zomma: they place the 
tips of their abdomens all together near the single hole in the 
spine which serves them as a door, and so block it up. As 
soon as an 4Anomma puts its head near the hole, they be- 
sprinkle it with their caustic poison and so manage to 
defend themselves and drive off these terrible enemies. | 
have already fulfilled my duty to my readers by telling them 
how an Azteca puts an Eciton to flight by sprinkling her with 
poison from her anal gland. 

5 Cotp-BLoopep Ficutine. I used this term in 1874 to 
denote combats, mostly of an individual character, wherein 
certain ants, using neither poison nor sting, persist in tor- 
turing to death others which offer no defence and play a 
purely stoical and passive réle. In Chapter I, §§ 2 and 5, 
I have described some typical cold-blooded fighting between 
Leptothorax of the same species, and also betweeen Formica 
sanguinea and pratensis. Fig. 96 is a faithful representation 
of such a combat, in which F. sanguinea is the active 
Inguisitor. This behaviour is most commonly manifested 
after an alliance, by a few particularly vindictive individuals 
which cannot be reconciled to the newcomers adopted by 
their companions, It may be that the difference in odours 
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alone suffices to account for these facts, as Miss Fielde 
suggests, or other sentimental causes may have a share in 
explaining them. 

The executioner puts her victim to death by methodically 
sawing off her legs and antenna, one after the other. Some- 
times she also saws through the neck, but more often, when 
she has finished mutilating the creature, she contents herself 
with carrying her some distance from the nest and throwing 
her down. Having lost her antenne, this ant is incapable of 
finding her bearings and of returning to the nest. We have 
dealt with the milder method of cold-blooded fighting 
adopted by Leptothorax, which carries the ant she hates as far 
away as possible and then throws her down without mutilating 
her. At various times I have observed some hundreds of 
cases of this sort. 

All these observations of collective spite between ants are, 
alas! so poignantly reminiscent of our wretched human 
society that they cannot but wring the heart of every man 
with moral—that is, social instincts. This is the obverse 
side to the social world of ants. 


Chapter IV 


WARS BETWEEN ANTS, OTHER LIVE 
CREATURES. AN DaNAD GRE 


The offensive and defensive wars of our little friends, 
dear reader, are waged not only against other ants, but also 
against other living creatures and inanimate nature. We will 
begin with lifeless things. 

We have seen how ants brave the desert with their 
psammophores, and drought with their nurses and deep-laid 
granaries. With their domes and with stones they protect 
themselves against heat and frost and regulate the tempera- 
ture for their brood. Here they make use of the earth and 
sun. But while they must have water on the one hand for 
their subsistence and building operations, they must needs 
find some means of preserving themselves on the other hand 
against its ravages, which are sometimes alarmingly sudden. 

In Part IlI, Chapter VI, we have described ant-gardens, 
a lasting and fundamental provision against the more or less 
perpetual floods of certain tropical countries. Against sudden 
temporary floods they have another ingenious defence. Long 
ago Savage described how the 4nomma in Africa manage to 
save themselves and their brood from such dilemmas. They 
mass together to form a living ball of ants, in the centre of 
which the brood is placed. This ball contains air, which 
enables it to float. In dry weather, Eciton sometimes makes 
provisional nests of a similar character in bushes, which 
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need not astonish us. A more surprising fact is related by 
Ihering with regard to Solenopsis geminata. Vhis ant, which 
builds its nest in the earth, behaves in an almost identical 
fashion during the temporary floods of Brazil. Ihering 
caught sight of some clumps 16 to 25 centimetres long, 
consisting entirely of the § of these Solenopsis, firmly inter- 
locked with one another and floating on the water of the 
flood; and inside these clumps, well protected and perfectly 
dry, were the brood and all the members of the winged 
sexes. He says that /ta will behave in a similar way. 

We shall understand this matter still better if we compare 
it with the fact that ants can endure lengthy submersion 
without perishing. I have often observed this myself, and. 
Miss Fielde’s experiments are absolutely conclusive in this 
matter. She saw some ants completely revive and recover 
after three to seven days of totalsubmersion; four Camponotus 
pennsylvanicus out of seven recovered after being under 
water for eight whole days. This was the longest survival. 
Miss Fielde invariably found that the large % were capable 
of greater endurance, against both submersion and fasting, 
than the small ones. 

When the 4zomma are out on their hunting-expeditions 1n 
tropical Africa, a stream cannot stop them. They cross it by 
a living bridge of ants, which they form by linking themselves 
together on some object projecting from one bank until the 
chain thus made finds some other support—a stone, twig, 
grass-blade or some such thing, on the other bank. The § 
then link themselves with this object, the chain spreads out 
and the whole of the greedy robber-army continues its 
depredations on the other bank, passing over the living 
bridge formed by their own companions. Thus it comes 
about that ants can brave the water, thanks to their collective 


social organization. 
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In Part II, Chapter IV, we have already mentioned the 
synechthrans, their guests or neighbours, which confront 
ants and attack them on the very threshold of their nest, with 
or without mimicry. These are terrible enemies, in the form 
of beetles, bugs, spiders, etc. When a spider enmeshes them 
in its web, ants sometimes manage to defend themselves by 
catching hold of one of its legs between their mandibles. 
The spider then lets go, and if the ant holds fast she may 
succeed in detaching the leg of her enemy, which cuts it 
off itself. Sometimes the ant herself then manages to 
escape from the threads. After an affair of this kind, I have 
known the spider philosophically turn its attention to 
devouring its own leg which has remained entangled in the 
threads, and which it has itself amputated in its fright. “Thus 
nature ordains that nothing shall be wasted. 

Among the ants’ most terrible enemies, we must mention 
the larve of lace-wings, known as ant-lions, which in our 
own countries lie in wait for other ants in little funnels of 
sand, throw out sand from the bottom to cover them, and then 
catch and eat them. Then there are certain mammals, such 
as the ant-eater of America and the pangolin of Africa, with 
their scaly hides, the hedgehogs and others, which take 
hold of ants, even the Dory/inz, with their long, sticky 
tongues and swallow enormous numbers of them. I have 
extracted plenty of interesting species of ants—even some 
which were new, that is, hitherto unknown—from the 
stomach of a single pangolin. I even named one of them 
‘esta,’ which means ‘eaten.’ 

The Macheromyrma of the Sahara have a 21, which will be 
depicted in Plate XIV, 7, and which I think must be intended 
to bite the tongues of the hedgehogs, as it bit me when 
I demolished its nest. Certain birds, the green wood- 
pecker and many others, ravage the formicaries of ants 
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such as F. rufa. I have seen bird-excrement consisting 
exclusively of the corpses of Myrmica. 

I presume, moreover, that the curious spines of certain 
Polyrhachis, which may be straight (Plate XIII, b,c,d) or 
curved (Plate XV), are developed for the sole purpose of 
injuring the stomach of birds or mammals which swallow 
the ant, and thus giving it a distaste for such prey. These 
ants live in small colonies in woven nests, either on or under 
leaves or sometimes between them, but rarely on the ground, 
and birds are their worst enemies. I do not see how their 
spines could be used as weapons against other ants. 

With regard to the offensive wars waged by ants against 
other animals and against plants, we have already given an 
account of the numerous insects which F. prasensis kills and 
carries over her roads. In Part V we shall describe the 
plunder-raids made by the Doryline against animals, and the 
thefts of tree-foliage perpetrated by the 4tini. Furthermore, 
nearly all the Powering live exclusively on the insects they 
kill, and many Myrmicine are scarcely more peaceful. It is 
chiefly the Formicine and Dolichoderine which live on their 
cattle and the nectar of plants, though they do not all do 
so, as we have already seen in the case of Formica. 

It still remains, dear reader, to speak of the wars waged by 
ants against their social peers the termites, wrongly called 
‘white ants,’ whose habits are almost as interesting as those 
of our little friends. In this case, we must confess, the ants 
are always the aggressors and the termites the victims. 

Several whole genera of ants feed almost exclusively on 
termites; these are nearly all genera of the Ponerinz, such as 
Leptogenys (including s.g. Lobopelta), Diacamma, Ophthal- 
mopone, and others in all tropical countries. These attack the 
termites relentlessly; though other ants, such as the /ormi- 
cine, Doryline and Myrmicine do not despise them either, 
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as M. Bugnion has shown. At Biskra | myself have seen 
Cataglyphis Diehli bearing termites between its mandibles. 
Alfred Ilg, a former minister of King Menelik of Abyssinia, 
wrote to me as follows in 1894, when he sent me a specimen 
of Ophthalmopone Ilgi, his discovery, which I dedicated to 
him. 

“One of my servants told me that if I wished to see a large 
number of ants I had only to come an hour before sunset, as 
a whole army would then come out of a hole and afterwards 
disappear. Wishing to investigate this mystery, I posted a 
man in front of the hole before the ants appeared, and 
hurried thither as soon as he announced that they were 
beginning to come out. I then saw a number of great black 
ants emerging in close ranks, and assembling in front of 
the hole in considerable force. 

Suddenly the whole band set out in a close file as though 
guided by a chief, while a company of fifty or less stopped for 
a moment in front of the hole and soon went into it again. 
I then cautiously followed the marching file to a distance of 
some 50 metres, consumed with curiosity to see where it 
was going. As it turned towards my luggage, I began to 
suspect that the ants wanted to steal my rice. But to my 
surprise they crept under my water-bag, and I thought then 
that they were thirsty. Not at all: on raising my water-bag 
cautiously I found those villains of ants engaged in a 
furious fight with some termites which had been attracted 
thither by the moisture, as they usually are in the desert. 
Despite the gallant defence put up by the termites, each of 
these black rascals seized one of the poor little creatures 
between her shining mandibles, cut through it, lifted it up in 
the air and returned home with her prey as quickly as the 
grass and stones permitted. | was surprised to see a fairly 
large ant, which had come up to a distance of about 
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2 metres from the battlefield, halt every companion which 
carried a termite as soon as she arrived, until they were all 
collected in one place, laden with the hapless victims. But 
that was not all: between thirty and forty ants relinquished 
their prey and returned to the battlefield, not to pick up 
termites this time, but to take charge of some of their 
companions which were still prowling about there, and 
which seemed to me to be wounded. They took them by the 
mandibles and bore them off to the general assembly, which 
was waiting. As soon as there were no stragglers left, the 
whole troop returned home laden with prey and the com- 
panions I supposed were wounded, and disappeared again 
into the hole.”’ 

The hole in question evidently contained the nest of the 
Ophthalmopone, and the ants which Ilg thought were wounded 
were probably $ which had strayed and could no longer find 
their path. It is possible that they had been sprinkled by the 
termites with some juice. This observation is very interesting 
because of the light it throws on the order observed by the 
Ponerine in their ‘termitophagous’ expeditions. 

Megaloponera fatens carries out similar expeditions which 
are no less interesting. When this ant goes hunting ter- 
mites, it stridulates so loudly that human ears can perceive 
the chirping, according to Prell, at a distance of I or 2 
metres. Ilg sent me a specimen of this species from Schoa in 
Abyssinia, and confirmed Prell’s statement that its stridula- 
tion is audible and that these ants go out termite-hunting in 
troops. 

My friend Wroughton wrote to me as follows about the 
expeditions of Lobopelta processionalis: ‘This ant is common 
in the neighbourhood of Poona in India, and has well- 
disciplined armies like all the other Lobope/ta. The § which 
are encountered singly are probably only scouts. They are 
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usually seen very early in the morning or else quite late in 
the afternoon, journeying in unbroken columns six or eight 
wide, and following a straight line, or rather the easiest 
route, to the field of action, which usually consists of a 
termite-nest whose galleries have been broken by the hoof 
of a horse or ox, or in some other way. Once the army 
reaches its destination, each $-seizes a termite, places it 
under her thorax in the manner typical of the Poxering, and 
the whole column returns with its burden to the nest; but 
the return journey is much more easy-going and less regular 
than the out-going one.” 

Bingham has confirmed Wroughton’s statements in 
connection with Lobopelta chinensis, birmana and Kittelt, 
which march four-deep, whereas L. Binghami and aspera 
march only in single or double file, or even go hunting 
separately, as Diacamma does. Dahl has made observations 
on some Lobopelta bismarckensis which were marching in a 
troop of about fifty to attack termites. 

In the last century, Bates saw the enormous Dinoponera 
grandis marching in a file across the undergrowth of the 
virgin forest of Brazil (probably also termite-hunting). As 
Wheeler says, all this recalls the expeditions of the Dorylina, 
and also those slave-making raids which we shall discuss 
shortly. 

Here I may pause to refer my readers to the Appendix at 
the end of this volume, written by Professor E. Bugnion, 
who spent several years in Ceylon observing the defensive 
wars of termites against ants. The observations in the 
excellent book on Africa which M. Hegh has recently 


published are also summarized in this Appendix. 


Chapter V 
PARAGIOSISO SOP (GERTAIN -ANTS 


One day in 1896, whilst I was walking along a forest 
path in the neighbourhood of Santa Marta in Colombia, | 
was interested to see a file of black, shiny ants belonging to 
two very different species, which seemed to be living 
together on the best of terms. One of them was very 


Fig. 99 
small, the other notably large, They were crossing the path, 
some on the way back to the nest, their abdomens swollen 
by their crops, others marching in the opposite direction on 
a plundering raid. I examined them under the magnifying 
glass; the large species proved to be Dolichoderus (Monacis) 
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debilis, of a variety which I afterwards named parabiotca, 
and the small, Cremastogaster limata, of a new and tiny race 
which I baptized with the same name, parabiotica. Hence 
they belonged to two different sub-families, the Dolicho- 
derine and Myrmicine. Fig. 99 represents, on a scale almost 
five times the natural size, an oblique view of the file in 
question, with (1) four Cremastogaster, two of which have 
their abdomens curled upward, and two Monacis, going 
marauding; (2) nine Cvremastogaster and nine Monacts 
returning home with full crops. All are drawn from my 
specimens gathered in Colombia. 

I was much intrigued, and first followed those which 
were going marauding. I saw them climb on to the bushes 
and finally separate into species, the Cremastogaster going 
off to milk aphids and the Mozacis to suck the nectaries of 
flowers. But they afterwards rejoined each other and 
returned in a common file like friends to their dwelling, 
keeping close to one another as shown in our figure. 

I then turned to the other side of the path and followed 
the common file which was climbing up and down the trunk 
of a tree. Fortunately for me I was not obliged to climb it 
myself. I had only mounted halfway when I saw all my ants 
enter a large termite nest which they had stolen, as they are 
wont to do, from its makers; but they had only part of it, 
for about a third was still occupied by termites. On destroy- 
ing a corner of the nest by which the ants were entering, | 
saw within it a social idyll such as I have never seen since. 
The chambers which had formerly belonged to the termites 
were occupied both by Monacis and Cremastogaster, each 
with its brood and some of its winged sexual forms. But 
they were not living in a haphazard colony! Although the 
chambers occupied by each species were partially fused with the 
walls of those occupied by the other, all the apartments were 
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clearly separated from one another, somewhat like those of 


lodgers in the same house. Each species had its brood and its 
winged forms in suitable chambers. Nevertheless, my breach 


did not occasion the slightest disturbance. Each individual 
concerned immediately moved by common understanding 
into other chambers. 

I stood thunderstruck at the thought of such a thing, 
which was then absolutely new in the annals of myrmecology. 
After due reflection I baptized it with the name of parabiosis 
(life side by side). One point here deserves note: in Colom- 
bia I found other files of a similar character formed by the 
same two species but I never discovered their common 
nest. I also found Monacis debilis v. parabiotica, however, 
in isolated nests, without Cremastogaster, and similarly 
Cremastogaster limata parabiotica without Monacis. Para- 
biosis between the two species is therefore facultative and 
free, and involves neither a mixed colony nor a com- 
posite nest inhabited by 
enemies. 

You may imagine, 
dear reader, how this 
discovery opened my 
eyes to other cases, more 
or less analogous, to 
which I had not hitherto 
given enough thought. 
In Tunis and Algeria in 
1889 and 1893, I had 
already observed some 
Camponotus (Orthonoto- 
myrmex) lateralis, with 
red heads and_ black 
bodies (fig. 100 4 and 
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D) running about separately on the cork-oaks, among 
some Cremastogaster scutellaris of the same size and 
colour (fig. 100 4, B and C), neither species doing 
the other the least harm. Emery, whose figure I have 
borrowed, has made similar observations in Italy. Here, 
however, the nests are entirely separate and the friend- 
ship is not intimate. It seems more as though Cam- 
ponotus, under cover of mimicry, were merely creeping in 
among the much more numerous and better-armed Cremas- 
togaster, in order to seek prey under their protection, on the 
analogy of the synoeketic guests of ants: they are tolerated, 
but not liked, and the parabiosis is incomplete. The same 
thing probably obtains with the two cases of mimicry 
depicted in Plate IV, e and f, and also g and 4, in Part II. In 
one of these, Camponotus imitator (h) 1s creeping in among 
Aphenogaster Swammerdami (g), of Madagascar, to gain 
access to plants where it can seek resin-coccids; in the other, 
Dorymyrmex ensifer is ranning along the sand in the Argen- 
tine among some Conomyrma exsanguis, with which it seems 
to be constantly found—why, we do not yet know. 

In Switzerland, the three typical infesters of the walnut- 
tree, especially Colobopsis truncata and Hypoclinea quadri- 
punctata, are perpetually jostling together about the twigs 
without attacking or injuring each other in any way. But 
when enclosed together in a flask, they separate and post 
themselves at the doors of their respective dwellings, 
showing their teeth occasionally but still never fighting. 
This is a tendency towards parabiosis. 

Wheeler discovered a kind of parabiosis in Mexico and 
Florida on an epiphytic plant of the genus Tillandsia. 
This plant looks like a bud 5-8 centimetres long by 4 in 
diameter, the leaves being compressed one against the 
other. Inside it, ants of the genera Pseudomyrma, 
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Monomorium, Xenomyrmex, Cremastogaster, Leptothorax, Cryp- 
tocerus (Myrmicine), Tapinoma (Dolichoderine) and Cam- 
ponotus (hormicine) very often hollow out, in or between 
these tightly compressed leaves, little nests into which they 
pack themselves and their brood like so many sardines. 
The formicaries of various comparatively timid and peace- 
ful species of the above genera are fairly often found 
together on one Ti//andsia in such a manner that the nest 
of each occupies the whole or part of the space enclosed 
between two leaves, although it is often completely sur- 
rounded by the nest of another species, and sometimes 
situated in the heart of the plant. It is easy to realize that 
war between formicaries of this kind, whose apartments are 
so close to one another, must be dispensed with; Wheeler 
declares that the mutual relations between these ants may 
be either friendly or neutral. Here, then, despite the 
multiplicity of genera, we have another case of parabiosis. 
As in my Colombian instance, it is not necessary to any of 
these species, but is a mere accident. 

According to Escherich, Cremastogaster victima r. ale- 
grensis always lives in the nest of a species of termite, Eutermes 
fulviceps of Brazil, and, apparently, in perfect harmony with 
it. Hence this may, as he supposes, be a form of parabiosis, 
this time between ants and termites. Similarly, Cam- 
ponotus punctulatus r. termitarius lives in the Argentine in 
friendly parabiosis with termites (Eutermes, Anaplotermes). 
But this is a sort of syndiacony, fairly constant in character; 
the termite provides the ant with a dwelling-place while the 
ant defends the termite from the ravages of various other 
ants. Wasmann has applied to this variety of parabiosis the 
special name of phylacobiosis. 

Parabiosis may, therefore, be defined as follows: the 
natural and free social relations between two or more 
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communities of ants, or between ants and termites, each 
keeping its apartments and brood separate from the other. 
These relations may vary between friendship and neutrality. 
Parabiosis, therefore, constitutes a transition between war 
on the one hand and the intimate alliances of mixed formi- 
caries on the other. The habits of certain parasitic ants, 
such as Leptothorax Emersoni, constitute another form of 
transition between parabiosis and the mixed formicary. 

You see plainly enough, dear reader, there are gradual 
transitions everywhere in this world. 

Wheeler has given an account (Ecology, Vol. II, No. 2, 
April, 1921) of various new cases of parabiosis. In the first 
place, he himself found at Panama and Guatemala eight 
mixed colonies belonging to the same Monacis debilis v. 
parabiotica and the same Cremastogaster parabiotica. ‘Vhey 
were living together in separate chambers of one nest, either 
a termitary or a construction built in decayed wood. They 
went out together as friends in common files. The whole 
story confirmed my observations in every respect. Wheeler 
once saw the two species sharing some Membracide, which 
they were milking on a bush. He also found some isolated 
Monacis colonies. Christophersen also confirmed my ob- 
servations in Panama. 

In 1913, moreover, Wheeler discovered in Central 
America a case of polycalic parabiosis between Camponotus 
(Myrmobrachis) planatus and Pseudomyrma Belti v. ful- 
vescens, which lived in different spines of the same acacia- 
branch, but went out together in search of plunder. 

While in Brazil in 1912 Mann discovered two new 
cases of parabiosis, one between the powerful Moxacts 
bispinosus and Cremastogaster parabiotica, the other between 
Monacis debilis v. rufescens and the big, strong species, 
Odontomachus affinis r. Mayi, which stung him severely. 
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The two species lived together in one ant-garden situated 
40 feet above the ground, on a tree which was to be cut 
down. Wheeler likewise observed in Guiana some Cam- 
ponotus (Myrmothrix) femoratus living in parabiosis with 
Cremastogaster parabiotica in communal ant-gardens. 

In short, the number of well-authenticated cases of para- 
biosis is increasing every year, and now forms a complete 
scale of transitions between warfare and the mixed formicary. 


I2 


Chapter VI 


LESTOBIOSIS -AND CLEPTOBIOsI> 
LN UNG 


1 LesTosrosiIs 

In 1858, when I was ten years old and was staying with 
my grand-parents at ‘La Gracieuse’ near Morges, I observed 
some very small yellowish-coloured ants making their 
homes between the walls of nests belonging to Formica 
_ fusca v. glebaria and rufibarbis, and sometimes those belong- 
ing to other species also, but always keeping to the side of 
the nest. I saw these little ants passing along their minute 
passages, which were inaccessible to F. glebaria, and 
devouring the brood of the larger species, whose adult 
ants they fought like little fiends as soon as I destroyed the 
nest. My grandmother, as I said in the Preface, had given 
me Pierre Huber’s book the previous year, and when I 
found to my surprise that it contained no information as to 
the habits of this diminutive ant of mine, I observed it all 
the more attentively. Ata later date I learned its name from 
Mayr. It was Solenopsis fugax, and its nest represented the 
type which I described as ‘double’ in 1874. At the age of 
twenty, I became a member of the Swiss Entomological 
Society, and finding that the habits of my little ant had 
never been described, I ventured in 1869 to publish my 
observations on the subject in the Bulletin of the Society. 
This was my first publication. 

These murderous habits were afterwards observed in 
several other genera of small ants, as well as in many species 
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of Solenopsis, and I applied to it the name of lestobiosis, 
which means ‘life as a brigand.’ In actual fact, lestobiosis 
is nothing more nor 
less than collective 
synechthry, analo- 
gous to the indivi- 
dual synechthry of 
Myrmedonia,  etc., 
which we have dis- 
cussed in Chapter 1V 
of our Part I],. But 
as in this instance 

Fig. 101 the synechthrans are 
ants, and therefore social creatures, they can scarcely find 
a better way of thieving the brood of other species than 
by building their own nests side by side with them. 


In order to under- 
stand _ lestobiosis, 
therefore, we must un- 
derstand the character 
of the nests built by 
the little murderers. 
Fig. 101, after Was- 
mann, represents in 
white the large pas- 
sages belonging to the 
nest of the large ant 
and the small passages 
of the little murderer, 
which open into them, 
the solid material be- 
tween being left black. 
But all this is too 
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theoretical and schematic—though sometimes it is to be 
actually seen under a stone. We have a more realistic 
example in fig. 102, drawn from a natural nest hardened 
with silicate. Here the chambers of 8. fugax, S., recognizable 
by the very fine grains of earth used in their construction, 
were encased in the walls between the large chambers of 
F. glebaria with their much coarser grains. At the bottom 
some of the little holes of the So/enopsis are visible. But the 
Solenopsis chambers themselves are not particularly small, 
since they have to afford room for the fertile Q and the big 
larve and nymphs of the winged sexes. 

S. fugax makes fearful onslaughts upon the brood of 
Formica, most of which it devours, usually without being 
perceived, since the Solenopsis & can escape their eyes and 
almost escape the touch of their antenne. Moreover, as it 
runs lightly over the brood, S. fugax often catches it alone 
and unguarded. When one of these large double nests is 
destroyed it is extraordinarily amusing to watch the big 
Formica, covered with small yellow Solenopsis which are 
stinging them, bite the earth around them in their fury and, 
as a rule, miss their little enemies. If they chance to catch 
one between their mandibles, they crush her without 
difficulty: but this is more easily said than done. Meantime, 
the Formica often succumb to the numerous stings inflicted 
upon them by their wicked little foes. 

The Formica of the fusca group are not the only species 
in whose walls S'. fugax will secrete her nest for the sake of 
carrying on her lestobiosis, but she will sometimes infest 
F. rufa and her kindred Polyergus, Lasius, Tetramorium 
caespitum, Pheidole pallidula and even Myrmica. Neverthe- 
less I was compelled to recognize, even in my young days, 
that S. fugax is not absolutely dependent upon this means of 
livelihood, but that she sometimes dwells in isolated 
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formicaries with simple nests, expecially in stony places, 
and that she is very well acquainted with the art of licking 
and cutting up dead ants and even that of rearing aphids. 
Certain other species of Solenopsis do not live in lestobiosis 
at all; these are mostly the larger species, such as S. geminata, 
sevissima, globularia, etc. 

The observations of my childhood have since been con- 
firmed by a large number of others concerning many ant- 
genera, in several of which lestobiosis seems to be constant, 
and therefore much more exclusive than it is in S. fugax; 
this is true of several Solenopsis species which are extremely 
minute, much moreso than S. fugax. The genera Carebara, 
Carebarella, Pedalgus, Oligomyrmex, Aeromyrma, Diplo- 
morium, Tvranopelta and Erebomyrma, which live almost 
exclusively in lestobiosis, may also be cited. To these 
Wheeler adds certain species of Mono- 
morium, Cremastogaster, Pheidole and 
even Tapinoma and Brachymyrmex. But 
lestobiosis is also extended to the ter- 
mites, inasmuch as they passively en- 
dure hardships at the hands of the ants. 
A fair number of the little murderers, 
such as Carebara, Pedalgus, etc., attack 
termites only. 

We may state as a general fact that 
all ants which live in lestobiosis have 
small %, perhaps exceptionally small 
ones, the most diminutive being some- 
times only -8 or -g millimetres long, 
whereas the winged sexes, especially 
the 9, are often very large, even 
Q enormous. I must request my readers 
to look at fig. 103, which represents the 
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minute worker of the African Carebara vidua, at two and 
a half times her natural size, and side by side with her, 
the enormous 9 of the same species. This is an extreme 
case, and seems almost incredible, though it has been 
adequately demonstrated. I even possess in my collection 
Q, g and ¥ of two races of this species, taken in termitaries. 
Such fantastic polymorphism can probably be explained by 
the gradual disappearance of the 2| or large 9. 

Having settled this matter, let us turn to special examples 
of ants, other than S. fugax, whose habits are similar to those 
described above. 

I have myself found in Algeria two Solenopsis much 
smaller than S. fugax, living in apparently constant lesto- 
biosis; one of these is S. /atro, found in the nests of Apheno- 
gaster sardoa, the other S. oraniensis, found in those of 
Leptothorax Rottenbergi. 

S. orbula was described by Emery and taken in similar 
circumstances. Many other tiny Solenopsis found in 
America and elsewhere are similar. Their colour is a very 
pale yellow, evidently due to the fact that they spend most 
of their time underground, and their eyes are reduced to two 
small black dots. On the anterior edge of the epistoma, 
however, they have small, sharp teeth which they probably 
fix in the skin of the brood of ants and termites, while 
trying to hack them in pieces with their mandibles. 

Wheeler thinks that his Pheidole lamia, which has a 21 
with a head truncated in front, and several species of 
Strumigenys live in lestobiosis in the nests of other ants. 
Pheidole calens lives in double nests together with Pogono- 
myrmex barbatus of Mexico. Wheeler thinks that its chief 
aim is rather to steal a few of the seeds gathered in by the 
large harvesting ant than to murder its brood. 

On the other hand, Dr. Hans Brauns, at the Cape of 
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Good Hope, found Diplomorium longipenne, with its enor- 
mous Q, living in this region along with Messor, in the 
manner of our lestobiotic Solenopsis, and has so described it. 

Many years ago—before 1901—Haviland sent me for 
the first time the minute worker of Carebara vidua, which 
he took, together with its gigantic 9, at Natal, in the 
sub-tropical region of West Africa, in some immense 
termitaries built by Termes natalensis; we have represented 
both of these in fig. 103. Haviland added in appropriate 
terms: ‘‘you will not be able to believe me, but this 9 really 
does belong to the $; I took them together, and also their 
brood, in special chambers of the termitary.”’ I replied to 
Haviland by return of post: “I have good reason for 
believing you, as I myself have a similar case, though it is 
less extreme.”’ I had, indeed, already received from India a 
very small § belonging to the large Carebara lignata 9, 
attached to the antenne of the 9 in question, which was 
taken on the wing during its erial nuptials. The Carebara 
are evidently incapable of transporting the enormous larve 
of their 9 from one chamber of the nest to another. But 
there is no need for them to do so. The white, soft and 
succulent young termites yield them so much white blood 
to suck that they have only to journey to and fro along their 
little passages and empty their cropful of this blood into the 
greedy mouths of their large, motionless female larve. 
And when these larve turn into nymphs and are hatched 
on the same spot, and when their wings and those of the J 
grow stronger, they can walk out of their prison unaided 
and fly off with the § towards the blue sky to consummate 
their nuptials. When they have done thus much, these 9 
shed their wings and invade other termitaries to found more 
colonies. How this is done, the future must teach us. 

It remains only to add that a splendid book entitled 
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Les Termites, by M. E. Hegh, an industrial engineer, was 
published in Brussels in September, 1922, and the author 
sent me a copy. In it he writes as follows: 

“According to Dr. Bequaert, a variety of Carebara, 
Carebara vidua Sm. r. Funodi For., lives in the large termite- 
mounds in Katanga. At Sankisia, on October 6th, 1911, 
the observer watched the nuptial flight of this ant; the rainy 
season was just beginning, and two days previously it had 
rained heavily. About midday a number of winged females 
were flying all about the savannah; they emerged from a 
certain number of termite-mounds, the sides of which were 
covered with thousands of very small workers of the same 
species.” 

All that I predicted above, and had already written in 
1920, is therefore confirmed point by point by Dr. Bequaert, 
with whose observations I was then unacquainted. The 
fertile 9 of Carebara evidently use their strong mandibles to 
hew out dwellings for themselves in termite-mounds and 
there lay their eggs. As soon as they are hatched the small 
8, whose mandibles are no less powerful in proportion, dig 
minute passages for themselves in the same termite-mound, 
wherein to devour the young termites and take them as 
food for their mother and the brood she produces. 

Wheeler is doubtless right in thinking that Erebomyrma, 
Carebarella and Tranopelta of tropical America live in lesto- 
biosis with termites, as they are found in termite-mounds. 
The following species from the same country also live 
among termites, and are suspected by Wheeler of lestobiosis: 
Monomorium termitobium, Heyeri and decamerum, Solenopsis 
Schmalzt, brevicornis, etc., Cremastogaster quadriformis and 
alegrensis, Pheidole termitobia, Tapinoma Heyeri and Brachy- 
myrmex termitophilus. 

The same doubtless obtains with 4eromyrma nossindambo, 


LESTOBIOSIS AND CLEPTOBIOSIS IN ANTS pe cy) 


which lives in Madagascar, and with other Aeromyrma and 
Oligomyrmex from India and Africa. Despite the extreme 
smallness of their 3, these ants allow themselves the luxury 
of a 2!, which often has horns on its occiput, but is scarcely 
larger than the worker, whereas the Q is relatively much 
larger. The genus Pedalgus, especially in the species 
P. termitolestes and Escherichi, is related to Carebara, and 
lives in lestobiosis with termites. Bondroitia, which is 
totally blind, but whose habits are as yet unknown, must 
have similar tendencies. I have found certain Camponotus 
(Myrmorhachis) in termite-nests. 

Whether they live with termites or other ants, these 
little creatures, which are so many collective synechthrans, 
are characterized by their trick of stealing and devouring 
their neighbours’ brood. Some of them, as we saw in the 
case of Solenopsis fugax, represent a transition to a more 
laborious and less parasitic way of living, such as that 
followed by S. molesta of the U.S.A. The little thieves we 
are now about to describe are much more innocent. 


2 CLEPTOBIOSIS 

I have restricted this term, which Wheeler formerly 
used also to cover lestobiosis, to the habits of ants which 
frequently live in double nests for the purpose of exploiting 
the booty which other and larger ants have hunted or 
gathered. Chief among these are certain Dolichoderinae, 
which excel at this art, because it demands special agility, 
coupled with great impudence. ‘These thieves are not 
altogether satisfied with eating the refuse of the large ants 
to which they act as satellites; they plant themselves across 
their path, and often take them by surprise and compel 
them to yield up the booty they have won. 

Our Tapinoma ertgajeum and the American Jridomyrmex 
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analis, Forelius McCooki and Conomyrma pyramica are 
proficient in their art, which I have observed myself, 
especially in the case of the last-mentioned. According to 
Wheeler, it prefers to attach itself to the nests of Pogono- 
myrmex molefaciens and occidentalis, which do it no harm. 
While in India in 1891, however, Wroughton saw a large 
number of Cremastogaster lie in wait in the road for some 
harvesting Holcomyrmex, coming home laden with seeds. 
They threatened the Holcomyrmex, and even attacked them, 
snatched away their burdens and bore them to their own 
nests. 

We have already alluded to similar tactics on the part of 
Tapinoma, Myrmica, etc., which climb up grass-blades 
while the battles of our large European Formica are in 
progress, and take possession of the corpses and cocoons 
during and after the fighting. This behaviour is related to 
cleptobiosis. Jridomyrmex humilis, Prenolepis longicornis, 
Plagiolepis longipes and other ants distinguished for their 
agility, also practise cleptobiosis in the broader sense of 
the word, without living in double nests. 


Chapter VII 


SLAVE-MAKING ANTS 


1 RAPTIFORMICA SANGUINEA AND 
RELATED SPECIES 


a Europe AND Norruern Asia. R. sanguinea, which we 
mentioned in Chapters I and III in connection with alliances 
and wars, is undoubtedly the most intelligent, that is, the 
most modifiable in its instincts, of all known ants. Chapter 
II of Part III dealt with the remarkable way in which the 
fertilized 9 founds a colony by attacking single-handed a 
colony of Serviformica fusca r. glebaria or S. rufibarbis. But 
the cardinal fact distinguishing her is this: although her 
instincts lead her to steal the nymphs of weaker species in 
order to make slaves of them, she is at the same time per- 
fectly capable of working on her own account. On occasion 
she can dispense altogether with these slaves, which are, 
so to speak, a /uxury for her; she delegates some of her 
domestic labours to creatures which she has not taken the 
trouble to rear, and thus sets herself free to roam about. 
This aim can hardly be a ‘conscious’ one in the human 
sense of the word, but facts speak for themselves, as we 
shall see. 

The term ‘slave’ drew storms of protest from Huber. 
Ants have no slaves, he declared, but only ‘auxiliaries.’ 
True enough, as we have seen in the experiment on young 
ants at the beginning of Chapter I, the ant in her nymph- 
sheath has no knowledge of the companions which have 
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nursed and cared for her; she has, therefore, no knowledge 
of her formicary, as we can also tell by Miss Fielde’s 
experiments in Chapter II. Accordingly, ants which are 
stolen in their nymph-stage are not conscious in any way 
of being slaves, and work by hereditary instinct. In this 
sense, Huber is right. But this makes them still less like 
auxiliaries or voluntary servants; they are ‘unconscious 
slaves,’ something like the children born in Americaof former 
negro slaves, but they do not think about the fact as some of 
the negroes were afterwards capable of doing. Hence I will 
retain the word ‘slave,’ though these slaves are just as much 
the masters of their mixed formicary as the species which 
stole them in their infancy. The only ant which is known to 
be a real slave-maker, the ravisher of adults, 1s Strongylog- 
nathus Huberi r. alpinus, as we shall presently learn on the 
authority of Kutter. 

The slave-making expeditions of R. sanguinea take place 
in Switzerland in either the middle of June or the middle 
of August. They are not common, each formicary limiting 
its energies to two or three a year. They begin in the morn- 
ing between about 9 and 11 o’clock, and may last till 
midday, I or 2 p.m., or even later. 

To take an example: 

At 9 o’clock in the morning on July 14th, 1901, I sawa 
little troop of F. sanguinea leave its nest, situated in a 
meadow at Chigny, near Morges, and turn off through the 
grass towards a tree. On coming within 2 metres of the 
nest this troop hesitated, broke up its ranks to some extent 
and sent a few ‘emissaries’ to the nest to call out more 9%. 
The sanguinea then went gradually forward again until they 
were within about 5 metres of their home, with a second 
troop of the same kind behind them. Between these two 
troops, ants were journeying to and fro, tapping one another 
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sharply with their antenne, and so it continued: a third 
troop followed the second, then a fourth, and all sent 
emissaries back. They followed a tortuous route, and 
hesitated continually; apparently they were seeking for 
something, and their advance was very slow. By 10 0’clock 
they were scarcely 20 metres away from their nest, and 
the first detachments were becoming indistinct; but the 
% were still pouring out of the nest in the same direction 
and forming fresh troops. At about 10-45 this scattered 
army, which had reached a distance of some 30 metres 
from the tree and was marching in irregular spurts, 
turned off at a slight angle and quickened its pace a little. 
I suspected that it had some aim in view, and on searching 
I discovered a S. glebaria nest situated about 40 metres from 
that of the R. sanguinea. The first marauding % drew near it 
at about 11-30, and the g/ebaria, taking fright, even made 
a prisoner of one which had advanced too far. But 
as soon as the sanguinea recognized the nest, they withdrew 
and ran speedily to arouse the attention of their companions 
by giving them sharp taps signifying ‘Forward, quick 
march!’ When they had come within 4 or 5 metres of 
the glebaria, however, the sanguinea stopped and formed a 
semi-circle round the nest, while numbers of g/ebaria came 
forth and formed a kind of black cluster round their door. 
A few of the most prudent or most timorous § could even 
be seen carrying away some white nymphs. The semi- 
circle of sanguinea then gradually became a whole circle, 
which left the poor glebaria no means of escape; some of 
them accordingly returned to their nest, which they tried 
to barricade with earth. ~- 

This was the supreme moment—the time of attack; and 
it occurred at about 12 o’clock. Suddenly the sanguinea 
which were forming the circle sprang, as though at a given 
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signal, upon the glebaria dome. At the same instant, the 
black cluster became adorned with white flowers, as though 
by magic, for the g/ebaria, overwhelmed by the sanguinea, 
despite their brave and vigorous resistance, had but one 
thought left to them—to flee with their white nymphs. But 
this did not suit the purpose of the R. sanguinea: they sprang 
upon the glebaria which were already laden and snatched 
their nymphs from them; then round the door of the nest 
they set up a provisional military customs-house, which 
benevolently allowed every glebaria § to pass, if she was not 
laden, but set its face sternly against the transportation of 
any nymphs, cocoons or larve, as much as to say “No 
baggage, ladies!’ And straightway the sanguinea themselves 
placed back in the nest all the nymphs they had just taken 
away from their legitimate possessors. Vainly did these 
poor creatures strive to bring out more. Yet all this time 
the thieves did not do the slightest harm to the fertilized 
glebaria 2 which were escaping, nor to those § which for- 
bore to defend themselves with too much poison and to 
grip hold of the aggressors’ limbs. 

While the glebaria were escaping to grass-blades with a 
few nymphs which they had saved, more especially at the 
beginning of the incident, the chain of sanguinea between 
the two nests was never broken for an instant, and gradually 
became a more continuous line. 

Between 12 and 1 o’clock the g/ebaria were pursued into 
the grass outside their nest by the sanguinea, which then 
deprived them of most of the nymphs they had saved; they 
evacuated their nest completely, never to return, and sought 
other homes with their laying 9. Then only did the san- 
guinea begin to transport gently to their own nest, one by 
one, the nymphs and larve they had stolen. This removal 
was continued by a scattered file during the whole of the 


SLAVE-MAKING ANTS 123 


_ next two days. Not until the third day did the sanguinea 

_ abandon in their turn the old glebaria nest, which was then 
completely deserted. In the mountains and the northern 
district, S. fusca in the strict sense replaces g/ebaria as the 
slave of R. sanguinea. 

The case of Serviformica rufibarbis is practically the same. 
Though much quicker and bolder than S. fusca and its 
races, this ant does not offer such a long resistance as R. 
sanguinea, perhaps because its courage, its open nests and 
its fighting tactics—which are similar to those of the 
robber, but are counterbalanced by smaller stature, less 
strength and above all, less rapidity and power of com- 
bination in obeying mutual signals—enable it to be non- 
plussed more quickly than an ant which resists in a different 
way. In Chapter III, we saw how this same R. sanguinea 
was completely routed by a few P. rufescens whose courage, 
strategy and unity of action greatly surpassed their own. 
In a word, no sooner do the rufibarbis recognize any sanguinea 
which have just arrived than they come out of their nest in 
crowds and attack them furiously. The sanguinea, however, 
hasten to encircle them and begin their assault. The chaos 
of the fight is indescribable, but so great is the terror of the 
rufibarbis that they come out almost immediately with their 
nymphs through the numerous openings of their nest. 
The precision of the sanguinea assault is incredible. Without 
losing a moment, they take possession of all the doors and 
there install their customs-house, snatch away the nymphs 
from the rufibarbis, sending back to the nest all the ¢ which 
carry the young, and then pursue them and turn them out 
everywhere. A few rufibarbis 9 return alone to the nest 
with the courage of despair, and try to rescue nymphs, but 
they are scarcely ever successful; the customs-house is too 
efficient. In short, all is over much more quickly than in 
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the case of glebaria. 1 once saw some sanguinea attack on the 
same day, one after the other, two rufibarlis formicaries 
7 metres apart. 

In Europe and throughout the palearctic fauna, R. san- 
guinea constitutes but a single race without any appreciable 
varieties, extending from Italy to Scandinavia and from 
England to Japan. Yet there are a remarkable number of 
variations in its habits. Some formicaries have as many 
slaves as masters, whilst others, somewhat rarely en- 
countered, have none at all. I observed this fact chiefly in 
the mountains, but also on the plains. Some time ago, I 
came to the conclusion that the sanguinea with no slaves 
have a special abundance of very small workers. This ant 
often has two or three nests, and changes its quarters from 
one to the other. In 1910, at the Chalet Boverat in the 
Jorat (Vaud), I made the following observation: 

While seated near a R. sanguinea nest, | wished to show 
someone the slaves, but could find none. Wishing to 
demonstrate the robbing of the S. glebaria, at any rate, I 
wandered for 100 metres, also in vain, seeking this 
species. The meadow in which the nest was situated was 
surrounded on three sides by a pine-forest. As I came back 
on the other side, I discovered more than forty R. sanguinea 
nests in succession, from 2 to 5 metres away from one 
another, all absolutely free of slaves but with ¥% of small 
stature, forming a single polycalic colony over the area 
given above. I put some § together from the nests most 
widely separated and the result was immediate friendship. 
I examined a much wider area still, and all in vain: there 
was no trace of S. glebaria or rufibarbis. Such a thing was 
then absolutely new and exceptional. In explanation, I can 
only offer the following conjecture: as the forest surrounded 
the meadow on three sides, the sanguinea had plundered all 
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the g/ebaria nests within reach and thus gradually driven out 
their inhabitants, after which they ceased to make slaves. 
On the other hand, they had all the better opportunity of 
increasing the number of their nests, as the isolation of the 
meadow caused their fertilized 2 to return. Moreover, the 
inadequate feeding of the brood resulting from the lack of 
slaves must have caused the diminution in their stature, as 
it usually does in such a case. I offer this hypothesis for 
what it is worth, until it is supplanted by a better one. 

However that may be, we find in Europe all kinds of 
transitions—R. sanguinea with half their formicary consist- 
ing of slaves, others with a smaller and smaller proportion 
of slaves, and yet other exceptional ones without any at all. 
According to Wasmann’s statistics, the average number of 
slaves diminishes in proportion to the increase in the 
population of the formicary. Furthermore, it is not uncom- 
mon to find R. sanguinea formicaries, which, unlike those 
of Polyergus, possess two kinds of slaves at the same time, 
glebaria and rufibarlis. Finally, in Chapter I, sections 3 
and 4, we have seen two cases showing that R. sanguinea 
after a victorious battle with F. prasensis, even in the natural 
state, will sometimes rear the nymphs and thus provide 
itself with pratensis slaves, as in the artificial combats in- 
duced by myself. Wasmann has made similar observations. 
A sanguinea formicary stole the cocoons of a small, natural 
pratensis formicary. But as soon as they were hatched, the 
pratensis went foraging and discovered their mother; they 
then carried her back to the nest to replace the 9 of the 
sanguinea, which had been lost. In this way the sanguinea 
colony gradually became a prarensis colony. 

In 1898 I established a colony of R. sanguinea in a glass- 
covered apparatus and gave these ants the nymphs of 


several species. I succeeded in making them rear and adopt 
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the following: Serviformica glebaria, rufibarbis, cinerea, 
Formica pratensis, rufa, exsecta and pressilabris (©) as well as 
Polyergus rufescens % and g. The F. exsecta and fusca were 
distinguished by their activity in working, the Polyergus by 
their complete idleness, the sanguinea by their skill, and the 
pratensis by their clumsiness. On the other hand the 
sanguinea killed all the 9 and g.nymphs of the other species, 
often under my very eyes, and took care that only the § 
nymphs were hatched, whereas the Polyergus 3 were 
reared by some exsecta or glebaria. At the same time the 
sanguinea reared some larve of Lomechusa (a beetle guest; 
see Part I], Chapter 1V) to which they disgorged honey- 
dew, though instead of rearing the nymphs of Lasius, 
Dendrolasius and Tetramorium which | gave them, they ate 
them all. They took great care, however, in the rearing of 
their own 9 and 3, whose flight to their nuptials on a small 
artificial islet, attached to my apparatus, I was able to 
observe. 

I have often brought about an artificial fight by setting a 
handful of R. sanguinea upon a colony of S. rufibarbis. As in 
the natural invasions, these few were enough to drive the 
rufibarbis from their nests, and were able to storm their 
holes, etc. On one occasion a few bold sanguinea succeeded 
in putting a large rufibarbis colony to flight, but at the same 
time they were so mauled by their enemies in the field that 
they could neither make an onslaught upon them nor set 
up a ‘customs-house.’ The rufibarbis then recovered from 
their initial fear, forced the fugitive sanguinea to return and 
killed them all. 

Small troops of K. sanguinea also frequently attack the 
nests of Lasius niger and flavus; they amuse themselves by 
killing the inhabitants and carrying off the nymphs, but 
only in order to eat them and incidentally to establish 
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themselves in their nest. On the whole, it is the slaves of 
the mixed R. sanguinea formicaries which play the chief part 
in tending the young and milking aphids. 

6 America. Although the Old World possesses only 
R. sanguinea proper, Wheeler has counted no less than eight 
kindred varieties, races and species of this same Raptiformica 
sanguinea, and no less than fourteen varieties, races or species 
which they use as slaves. For the sake of simplicity, we will 
mention each of these only by the name of its variety or race. 

The slave-making forms are R. aserva, rubicunda, subnuda, 
subintegra, puberula, obtusopilosa, Pergandei and munda, the 
two last being species. Neither munda nor aserva has 
slaves. 

The slave-forms belong to two groups, that is, two 
typical species, with races and varieties. The first consists 
of the European Serviformica fusca and its American races 
and varieties subsericea, glacialis, subenescens, neorufibarbis, 
neogagates, argentata, subpolita, neocinerea and neoclara. ‘The 
second. group is exclusively American, and includes NVeo- 
formica pallide-fulva with its races and varieties Schaufusst, 
nitidiventris, incerta and fuscata. 

In 1900, I myself discovered in the park at ‘Toronto the 
race aserva, with its slightly indented epistoma, forming a 
large polycalic colony entirely free of slaves, exactly like 
that of the Chalet Boverat in the Jorat, as mentioned above. 
In 1910, I was struck by this similarity, and by the absence 
of slaves in both cases. But in 1900, I at once placed a 
handful of S. sudbsericea with their brood near the aserva, 
which pillaged the nymphs exactly as our sanguinea do. 
Unlike the sanguinea of the Chalet Boverat, however, the 
subsericea were very abundant in the region in question, and 
it could not have been their fault that no plundering ex- 

editions took place. The aserva, moreover, were big and 
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strong, and by no means stunted. At a later date Wheeler 
confirmed my observations, and the fact that R. aserva 
never makes slaves. He proved, on the other hand, that the 
fertilized 9 of this American race founds her nest, as do the 
other races of R. sanguinea, by stealing singlehanded the 
nymphs of S. g/acialis. But this instinct is not inherited by 
the worker, which only possesses it in a latent form, as my 
experiment has just shown: the aserva § must, therefore, 
have entirely re-adapted themselves to a complete working 
routine. The exception of the Chalet Boverat has become, 
in their case, the rule of instinct. You will agree with me, 
dear reader, that it is interesting to compare the re-awaken- 
ing of the slave-making instinct, recently latent (as shown 
in my experiment in the park at Toronto) with that of 
Strongylognathus testaceus (as quoted in Part III, Chap- 
ter VII) which has already brought about the partial 
extinction of the worker. 

The American Raptiformica varies a great deal in its 
choice of slaves, which also depends, for that matter, on the 
local fauna. Wheeler mentions as slave-species: 

1 Of R. rubicunda: S. subsericea, neorufibarbis, subenescens, 
neogagates and N. fuscata. 

2 Of R. subnuda: 8. subsericea and argentata. 

3 A. subintegra: S. subsericea, glacialis, subpolita, subenes- 
cens and neogagates; also N. Schaufussi, incerta, nitidiventris 
and fuscata. 

4 Of R. puberula: S. subsericea, argentata, subpolita, 
neocinerea, neoclara and neogagates. 

5 Of R. obtusopilosa: S. argentata. 

6 Of R. Pergandei: S. subpolita and N., pallide-fulva. 

Wheeler has also found two and even three kinds of 
slaves in the same Raptiformica formicary. In a Colorado 


meadow, for instance, he found S. neoclara, neocinerea and 
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N. nitidiventris as slaves in one formicary, and in practically 
equal proportions. 

In short, the American Raptiformica makes more slaves 
than the European sanguinea, although the number also 
varies a good deal. In Connecticut and other places, I was 
interested to find that the numbers of the big sudsericea 
slaves in an average R. rubicunda colony were larger than 
those of their masters. I once saw a natural expedition 
undertaken by a small number of rudicunda against a colony 
of subsericea which were much more numerous, and some of 
which were much larger than themselves. It was scarcely 
any more than a pleasure-party. There was no need to 
besiege or encircle the sudbsericea, for they did nothing but 
decamp as soon as they caught sight of the enemy. The 
rubicunda had only to guard the doors and remove the 
cocoons to their own home; the time of day was the same as 
in Europe. 

Wheeler confirms my observation that the slave-ants of 
America do not defend themselves so well as those of 
Europe. He gives us the following particulars of a raid by 
R. rubicunda, which he observed at Rockford, in connection 
with a colony of N. fuscata, a powerful subterranean race. 
About 400 rubicunda from the army stopped round the 
opening of the NV. fuscata nests and made alternative 
advancing and retreating movements, encircling the nest 
as they did so, as though they were afraid of the fuscasa, 
which, however, scarecly showed themselves. But after 
half an hour or more the rubicunda became more daring; 
they began to invade the nest and bring out larve and 
nymphs. Finally at 4-35 p.m., after they had completed 
their circle, a winged 9 of N. fuscata, followed by fifty others, 
and a crowd of workers laden with larve and nymphs, 
poured out of the nest-opening. They spread in every 
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direction, breaking the chain of rubicunda and climbing with 
their long legs on to the grass. But in an instant the rubi- 
cunda fell upon them all and snatched away their nymphs; 
only a few were saved by the ¢. Ten minutes after tie 
exit of the first winged 9, all the fuscata had fled, and the 
rubicunda began to move the brood to their own nest, 
40 metres away. This nest contained a large number of 
S. subsericea slaves and very few of N. fuscata. By 5-30 p.m. 
the transport of the captured brood had been completed. 
The fuscata took up their abode under some leaves, 
2 metres distant from their old nest. Not a single ant had 
been killed on either side. 

According to Wheeler, subsericea resists R. rubicunda 
better than the pallide-fulva group. He saw a raid carried 
out by R. rubicunda, according to all its usual rules, against 
a colony of Myrmica scabrinodis and one carried out by 
R. subintegra against some Lasius americanus. Both ageres- 
sors stole their enemies’ nymphs and carried them to their 
own homes, evidently intending to use them as food, as our 
own species do. 


2 POLYERGUS OR AMAZON ANTS 

a Evropg. In my book on the Ants of Switzerland, I 
have devoted nearly thirty large pages to the habits and 
expeditions of Polyergus rufescens. As I do not wish to 
repeat myself here, I will refer you to that book, dear 
reader (Les Fourmis de la Suisse, now in its second edition). 
All my old observations, experiments and statistics are still 
perfectly exact, and I will content myself here with sum- 
marizing the facts, which are unique of their kind. In 
Chapter III we have already described the tactics of Polyer- 
gus in its wars against ants of its own and other species, 


particularly R. sanguinea; Chapter II of Part III explained, — 
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on the authority of Emery, how these ants found their 
colonies in Europe, and develop them after the initial 
stages. In this connection we have mentioned their 
scouts, which go forth alone to spy out the nests of their 
future slaves. In Europe, these are invariably either S. 
glebaria or S. rufibarbis, never both together in the natural 
state. As P. rufescens is not found in our mountain and wood- 
land region, I have never, strictly speaking, seen it using 
S. fusca as its slave. 

Polyergus rufescens 1s 6-5 millimetres long on an average, 
and its colour is a dull, uniform reddish-brown, which 
becomes more yellowish and shiny in the ergatogynes (see 
Part I, Plate I), and the largest §; its chitin is hard and tough, 
and its recumbent topochemical organs well developed. 
I suppose they enable it to perceive the odour of the sub- 
terranean S. g/ebaria nests, which it probes with its antenne 
in a very persistent manner during its reconnoitring ex- 
peditions. Fig. 106 C’shows its curved, toothless mandibles, 
expressly designed to pierce the brain of an enemy, as shown 
in figs. 106 B and 106C (see below), thereby paralysing its 
mandibles, as I have proved, and to carry the stolen nymphs 
or cocoons whose shells they compress slightly as they hold 
them between their legs (see fig. 1067). My readers are 
requested to compare these mandibles with the very similar 
ones of Strongylognathus testaceus, shown in fig. 104. The 
habits of this curious parasitic ant were described in 
Chapter VII of Part III, and we shall shortly deal with its 


congeners from which it has inherited these mandibles 


- by phylogeny. 


The body of Polyergus, therefore, already betrays the 
fact that its instincts are fixed by heredity. ‘This is not so 
with Raptiformica, on whose body the slave-making faculty 


_ has barely begun to set its seal in the slight indentation 
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of the epistoma. The Polyergus vary a 
good deal in their habits, which possess 
only a few characteristics modifiable ac- 
cording to circumstances. They have 
entirely lost the natural instinct of eating 
without assistance. This was proved by 
Huber and re-proved by myself, and our 
experiments are conclusive. Polyergus % 
will let themselves die of hunger even 
though the most tempting honey and tasty 
meat is left close to them for several days. It is amusing to 
watch them beg their companions in vain for regurgitation, 
for not one of them is capable of such a thing. They also 
absolutely neglect all their brood, and are ignorant of the 
building-art: without their slaves they are helpless. Hence 
they live in complete dependence upon their auxiliary ants. 
But if only we introduce a single slave $ into the cage where 
a collection of Polyergus has been left in this deplorable 
plight for two or three days, the scene is changed in a few 
moments. First of all the slave crams her crop with honey; 
then the Polyergus assail her, to obtain regurgitation, and 
she immediately complies with their requests. She next 
gathers the brood together and feeds it likewise, after which 
she builds a chamber for them all. In less than an hour 
everything is in order. The loss of all these instincts is 
undoubtedly singular, and proves an old slave-making 
phylogeny, whose direct transitions are lacking—at any 
rate, those between the Rapsiformica and Polyergus of the 
present day. 

The above facts provide the key, moreover, to the frantic 
courage displayed by these ants: ‘ Death or victory’ is 
their real instinctive sentiment, without any of the humbug 
with which it is so often associated in the human sphere. 
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If an army of Polyergus were defeated and dispersed outside 
its nest, and had no power to return, it would be condemned 
to starvation. Some Polyergus 8 which I placed in front of 
the nest of large Camponotus ligniperdus attacked these 
enemies, despite their size and numbers, and allowed them- 
selves to be beheaded without retreating a millimetre. 
No Polyergus ever runs away. Its curved mandibles prevent 
it, furthermore, from clinging to the legs of large enemies. 
It always fights its adversary face to face, or rather ‘mandible 
to body,’ especially ‘to head.’ 

We come now to the expeditions of P. rufescens, and we 
will begin with the amazons which enslave S. glebaria, for 
they are typical. The differences found in those which have 
S. rufbarbis slaves will afterwards be pointed out. 

TIME OF DEPARTURE. Polyergus never sets out in the 
morning, but only in the afternoon, generally between 2 
and 5 o'clock. By 7 the troop has always returned. The 
time of departure depends to some extent on temperature. 
In chilly weather they start earlier, in warm weather, later; 
at any rate this usually the case. They rarely go out when 
the temperature is less than 20 degrees Centigrade. 

EXPEDITION-SEASON. In the basin of Lake Leman, it 
begins at the end of June at the earliest and ends at the 
beginning of September; it nearly always takes place in 
July and August. 

ENUMERATION OF THE ARMY. I have counted several 
amazon armies on their return by obstructing the doors of 
the nests they were invading and only allowing them to 
return one by one. In this way I have counted between 

*375 and 1,400 amazon & to an army—if such idle warriors 
can be described as ‘workers.’ But there may certainly 
be as many as 2,000, and in some cases there are 
separate corps, each of which includes scarcely a hundred 
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Polyergus. On no occasion, however, does the whole 
army go out together; as a rule it consists of the 
majority of the amazons of the formicary, but sometimes of 
a minority only. 

MARCHING-SPEED OF THE ARMY; ITS LENGTH. This depends 
entirely upon the difficulties presented by the road (thick- 
ness of the plants growing in the turf, stones, wind), on the 
temperature, and on the exactness of their knowledge con- 
cerning the aim they have in view. On the outward journey, 
along some road or gravel path, | have seen an army that 
is sure of its way run a metre in 264 seconds; but in thick 
grass it sometimes takes a minute to do as much. When it 
returns, laden with nymphs, the same army often takes 
14 minutes to cover a metre. Ifa man were to move at such 
a pace, increased proportionally to his size, he would be 
walking as fast as a railway-train of average speed. When 
it goes forth, every amazon army has a van and a rear. 
Between three and eight or sometimes ten ants march in 
front, and the whole army, from head to tail, may cover 
I to 3 metres, according to circumstances, or sometimes 
even more. 

DEPARTURE SIGNAL. Before the departure, a growing 
number of Polyergus may be seen walking about on their 
dome, which they do not do in the morning. Suddenly a 
few § will rush back to the nest and give the signal 
for departure by striking their companions’ foreheads, and 
the army, ever compact, sets off in some direction deter- 
mined by various factors. Sometimes the aim is to reach a 
nest already plundered the previous day, but as a rule all 


guidance is left in the hands of scouts which have been out 


ever since the spring exploring the S. glebaria nests in the 
neighbourhood, and whose activities we described in con- 
nection with the foundation of colonies. It is evidently they 
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that lead the army in the desired direction, forming the 
leading file in a column of 3-8. 

ORGANIZATION OF THE ARMY. As Huber has shown, the 
van of an army, consisting of a few $, moves rapidly but is 
continually renewed, as those in front turn about and tap 
with their foreheads all the ants they meet, as far as the 
extreme rear of the legion they are directing. There are no 
chieftains, but several guiding spirits, which had doubtless 
been scouts. When the majority knows where it is going, 
things begin to move rapidly, and it almost seems at first 
as though an instructive and mysterious impulse is urging 
them on. But this is by no means invariably the case, as we 
shall see. 

And now, having set out at 4 p.m., our army is on the 
march with a front that varies every moment; the last ¥, 
which are, say, 24 metres behind, bring up the rear and 
abandon the nest. It would be hard to imagine a more 
curious spectacle than an army of amazon ants marching 
thus at top speed towards a goal which 1s known to some of 
them only, and unknown to all men who have not studied 
their habits. It is impressive to watch, and quite different 
from the procedure of the squads of R. sanguinea. 

HALTS AND RECONNOITRING. Suddenly the van comes to a 
standstill. The & scatter in all directions, and seem to be un- 
able to find their way any longer. In a few minutes, how- 
ever, a small number of % fling themselves in between the 
others, strike them on the forehead and continue in the 
direction previously taken, followed by the whole army. 
Nevertheless, on coming within 35 metres of its nest, the 
army stops again, and this time the halt lasts for a long time. 
The whole army keeps together in one mass, and every 
little while there is a movement in the centre, and one 
cluster of ants sets off in one direction, another in a different 
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direction; but in a short time, the ants in these clusters 
probe the ground with their antenna, and describe curves 
back to the centre. In a quarter of an hour’s time, the whole 
army sets off again and returns empty-handed to its nest, 
without finding anything. The indecision of the § in 
reconnoitring a nest of S. glebaria 1s obvious; the scouts 
have lost their compass, that is, their topochemical memory. 
On reaching its nest, however, the whole army passes over 
the dome without a pause, and this time heads in the 
opposite direction, climbs a steep slope in the grass at about 
5 o'clock and advances in a straight line, making only one 
or two slight pauses on the way. Sixty metres from the nest, 
the amazons slacken their pace and show evident signs of 
fatigue. Yet right in front of them, I discover, is a fine nest 
of S. glebaria. None the less, the ants have exhausted their 
strength, and they halt three paces away from this nest 
(6 metres from their own). Without the slightest hesitation 
as to the direction to be followed, and without a single $ 
leaving their ranks, the amazons begin their return journey; 
the van of the army ceases to advance and there follows 
a general turn-about, due this time not to indecision as to 
the correct road, but to fatigue and the lateness of the 
hour. Toiling slowly and awkwardly along, after covering 
196 metres or 240 of my paces in three hours without 
any result, the whole army does not actually return until 
7 o'clock, ‘These pauses of indecision and empty-handed 
returns are not at all uncommon, but I have never seen 
another case which betrayed so clearly the effects of fatigue 
and the lateness of the hour. 

aTTacK. An amazon army which yesterday returned 
home empty-handed, after many fruitless investigations, 
sets out in the same direction at 4 o’clock, but this time 
without hesitating, and continually inclining a little to the 
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right through a cornfield, which, as I now surmise, must 
have bafled them the day before. On leaving the cornfield, 
it comes straight upon a large nest of S. glebaria, which it 
immediately invades through an open gallery. Soon a few 
glebaria climb up grass-blades with their cocoons. The 
amazons then rush out again laden with prey, and return 
home in fairly good order, only the last being attacked and 
chased by the g/ebaria, which have come out and recovered 
from their surprise. At 4-45 p.m., when the amazon army 
returns to its nest, it does not enter it again, but lays down 
the stolen nymphs in heaps before one of its doors, leaving 
to its slaves the task of placing them in the nest; it at once 
sets off again for the plundered formicary, and passes along- 
side those which are still coming back laden with spoils, 
without crossing their path or causing disorder. Meantime, 
the glebaria have barricaded their doors with grains of 
earth, and when the head of the amazon army again reaches 
their nest it waits for a moment, then clears away the grains 
of earth and pours once more into the nest without any 
effort, jostling its defenders which flee with a few nymphs. 
This time the amazons return home laden with riches 
which they themselves take into their nest. Rarely have I 
found a Polyergus 8 dead or half-dead in a glebaria nest. 
RETURN. On the return journey, the laden amazons 
march in much less serried formation and a little slower 
than they did on the way out, but they never halt. Fig. 105 
(after André), represents the return of the rear of an amazon 
army laden with cocoons; the disconsolate glebaria can be 
seen behind. As shown in fig. 106 4, the Polyergus bear the 
stolen nymphs between their legs, and this enables them to 
run faster. The slaves (fig. 106 C) pinch one end of the 
shell. One very amusing result of this instinct is the fact 
that the amazons are incapable of carrying the cocoons of 
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the glebaria 
aQior (oe 
have seen 
them strug- 
igling im 
vain to get 
astride of 
these large 
cocoonsse 
their legs 
were. too 
short te 
reach the 
grou ne 
from that 
height, and they finally aban- 
doned them. 

WATER, WIND, CoLp. I have 
seen amazons cross a_ small 
ditch by way of grass-blades in 
spite of the water. I have seen 
others pass undaunted over 
ground on which water was 
flowing, and never even relax 
their hold of the nymphs they 
had stolen, though they fell into 
the basin of a fountain. I have 
seen an amazon army, swept 
along a road by a violent wind, 
climb back up the road in the 
face of the wind and dust, in 
order to attack a formicary on 


the other side. Polyergus is paralysed by the cold. At 


Fig. 105 
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5 o'clock on September 5th, some amazons were standing in 
a motionless mass on their dome, when a few ® gave a 
faint departure-signal. Scarcely one-fifth of the army 
followed this movement. ‘Twenty paces away from the nest 
the shade of a cherry-tree benumbed the Polyergus and 
stayed their march, so that the whole army remained ab- 
solutely motionless for five minutes; it then turned about 
and went back very slowly to its nest. It has been claimed 
that ants can always foretell rain, but this is inaccurate. I 
have seen P. rufescens and R. sanguinea absolutely surprised 
and checked during an expedition by reason of a rain- 
storm. 

SUBTERRANEAN NESTS. An amazon army comes within 
twenty paces of its nest and stops. But in this case the 8 do 
not seek for their road and do not scatter; they probe the 
ground attentively with the topochemical organs in their 
antennz, and hunt among the grass-tufts. At length there 
is a motion in the direction of a hole smaller than a hemp- 
seed, into which the amazons pour one by one. But this 
takes overmuch time; suddenly a thick tuft of grass, 
3 decimetres away from the hole, is invaded by the army, 
which gradually disappears into it; it must, therefore, have 
concealed an opening. Then nothing happens for five 
minutes. There are only one or two g/ebaria strolling about 
on the grass. At last an amazon comes out of the grass- 
tuft bearing a cocoon, and then a complete file follow her 
one by one, laden in the same way. A second file of the same 
kind then emerge from the first hole, which is visible from 
the outside. The two files unite and return to the Polyergus 
nest, but so slowly that some & are still coming out of the 
invaded subterranean nest while the first ones are already 
back on their dome. All of them are laden, so that the dome- 
less subterranean nests cannot always be sparsely populated. 
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I should never come to an end if I tried to tell you all the 
details of amazon expeditions. Sometimes the army divides 
into two corps, one of which attacks one nest and the other 
a second nest; sometimes it completes two and even three 
expeditions in one afternoon; sometimes one section, 
seeking its road in vain, loses heart and returns home, 
while the other perseveres and finally succeeds in dis- 
covering a S. glebaria nest, which it plunders. I have also 
seen an army which has stopped through indecision, half- 
way along its road, suddenly turn off at an angle from the 
direction it had been following and eventually find a nest in 
the second direction. In this case it follows the same angle 
over again when it returns, and is not able to return in a 
straight line except when it is in the immediate vicinity of 
its nest. 

AMAZONS WITH RUFIBARBIS SLAVES. ‘The nests of S. rufi- 
barbis always have several large holes. Although S. g/ebaria, 
or its variety rubescens, which amounts to the same thing, are 
found in the same climate as S. rufibarbis, 1 have never seen 
a single natural amazon formicary take both these ants as 
slaves, and I had great difficulty in causing them to do it 
artificially. An amazon army marches in more serried and 
compact ranks against rufibarbis than against glebaria. Let 
us consider its method of attack. On coming within a 
decimetre of a rufibarbis nest, the van of an army catches 
sight of it, stops abruptly and sends out a crowd of emis- 
saries which hasten to the rear. ‘‘We are there: forward!”’ 
In less than thirty seconds the army is assembled in one 
mass before the enemy nest, and in a second movement of 
unparalleled impetuosity the entire company is hurled on 
to the dome. The attack coincides with the recognition of 
the thieves by the rufibarbis, and these within a few seconds 
cover their dome with defenders, An indescribable melée 


Woes 


SLAVE-MAKING ANTS 141 


Fig, 106 A and B 


follows: the amazons rush through all the openings into the 
galleries of the nest, and at the same moment the rujfibarbis 


come flooding through the same orifices in hundreds, 
La 
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bearing their brood. But in this case, the amazons remain 
in the nest scarcely more than a minute and come out in 
fairly close ranks through all the holes, laden with nymphs. 
The scene then changes. Seeing that the thieves are es- 
caping, the rufibarbis pursue them in a rage, seize them by 
the legs and try to recover the stolen cocoons. When one 
of them takes hold of a cocoon, the amazon will slide her 
mandibles along it until they reach the head of the rufibarbis, 
which usually relaxes her hold; otherwise her head is caught 
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Fig. 106 C 


between the two hooks, and if she still refuses to give way, 
her brain is mercilessly pierced, as shown in figs. 106 B and 
C. I have seen one or two cases in which the mandibles of 
the rufibarbis thus done to death had not let go of the 
cocoon, which was borne away by the amazon along with 
the corpse. Ifa laden amazon is held by a leg she does the 
same thing, but in this case she is always obliged to release 
her cocoon in order to threaten or destroy the rufibarbis. 
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Sometimes a companion rufibarbis will then arrive on the 
scene, and hastens to take up the cocoon under the amazon’s 
nose. This state of affairs is represented in fig. 106 4, the 
seizure of a leg; B, the execution and the arrival of another 
rupfibarbis ; C, the first rufibarbis lying dead while the other 
runs off with the cocoon. In fig. B the artist has erroneously 
removed the right middle leg of the Polyergus. 

Sometimes the amazons carry off young, freshly-hatched 
rufibarbis instead of nymphs, and their victims accept their 
lot. The last amazons, wrathfully pursued sometimes to a 
distance of 10 or 20 metres from the rufibarbis nest, 
strive to return to the nest to recover the cocoons which have 
been snatched away from them, but they rarely succeed and 
must be considered fortunate if they return safe and sound, 
which they cannot do without killing a few enemies. Some 
of them, though not many, are even seized by five or six 
rufibarbis at the same time, drenched with poison and 
killed. Others busy themselves with delivering their com- 
panions which have been seized by a leg, but as a rule they 
all run home in haste. It is apparent that these combats are 
infinitely more deadly, especially for the rufibarbis, than 
those with the g/ebaria. 

A few more special cases are worthy of mention: 

When the fertile 2 die, their places are taken by the 
ergatogynes (Vol. 1, Plate III, fig. 3). 1 once saw some 
amazons form a front several times in one afternoon, but 
never venture further than two or three of my paces from 
their nest. They turned back on each occasion and no real 
expedition took place that day. At other times I have seen 
amazons walking round and round their nests instead of 
going on expeditions. 

Twice in succession I saw a number of amazon 9, some 
still with their wings, set out on an expedition with the army 
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of 8; but they frequently stopped, so that they were soon 
well in the rear. On one occasion, however, some of them 
succeeded in mounting the dome of the rufidarbis which 
were being attacked, but they were unable either to enter 
the nest or to carry off cocoons; they contented themselves 
with fighting the rujfidarbis furiously and_killing many of 
them. When the army returned, these 2 made no effort to 
go back with it, but continued to fight alone. A great deal 
might be said about this aberration of instinct. 

One day, an amazon army on the march in thick grass 
divided.and formed two fronts, one of which obtained but 
few followers and went off obliquely to the left leaving the 
main body, now the poorer by less than a hundred ants, to 
continue on the right and plunder a large rufibarbis nest. 
The small troop showed no anxiety on account of its scant 
following, though the emissaries which it sent out found 
scarcely a single recruit, but after a moment’s hesitation fell 
upon an enormous nest of rufibarbis, and in spite of the 
angry host of defenders, found its way into the nest. A few 
amazons even succeeded in stealing nymphs, but their 
thefts were so few and far between that the rufibarbis did 
not get wind of their homeward direction, and were in- 
capable of pursuing them. Perceiving their adversaries’ 
weakness, moreover, the rufibarbis removed very few of 
their nymphs, and soon brought them back. The surprise 
attack was so short that the rufibarbis only took two or three 
amazon prisoners. 

On one occasion an amazon army probed the ground for 
an hour before finding a spot in which the § could dig a 
hole leading to a subterranean nest which they plundered. 

At the end of June I saw some amazons preparing for 
their expeditions by making a few outlets round their 
nest. The slaves seemed to be surprised at this and seized 
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them by the mandibles to bring them back to the nest, but 
they afterwards grew accustomed to the expeditions and 
paid no attention to them. 

I have often poured out a bagful of glebaria or other 
cocoons before an army of Polyergus. Supposing, doubtless, 
that there was a nest hard by, the amazons would waste 
their time digging in the earth instead of taking the cocoons 
which were near at hand. Rarely did they carry off one of 
these. Here we can realize the blindness, or in plain words, 
the stupidity of fixed instincts, and also the superiority of the 
intelligence shown by R. sanguinea over the fixed instincts 
of Polyergus. 

One fine day an amazon army marched to a nest of S. 
rufibarbis which had just been pillaged by some R. sanguinea. 
The Polyergus overthrew the sanguinea instead of the rufi- 
barbis; but there was nothing left to take as the sanguinea 
had already removed all the booty; the second robber was 
robbed. 

We have already mentioned the insane fury displayed by 
the amazons when fighting R. sanguinea or F. pratensis or 
else their fellow-creatures from other formicaries. At such 
times they bite everything—cocoons, pieces of wood, even 
their g/ebaria slaves which try to calm them, or their own 
companions, and can no longer recognize the way they have 
to go. However, when the enemy has departed, those which 
have survived gradually recover their senses and their 
mental equilibrium, cease to bite without good cause, and 
eventually find their path again. 

In 1869 I placed an amazon formicary in an apparatus 
and carried out a number.of experiments with it. I have 
already described the battle which took place between these 
ants and other amazons, and also the shameful defeat which 
sixty of them inflicted upon a large R. sanguinea formicary. 
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At Zurich I even succeeded in making my amazons attack 
a nest of F. cinereo-rufibarbis. But the most curious incident 
of all was the following, which took place in 1873 when I 
had given my captive formicary its freedom and was 
watching its scouts travel from thirty to fifty paces away 
from their nest. 

The weather had been very hot and dry. Being short of 
food and plagued by their masters’ importunate demands 
for regurgitation, the g/ebaria slaves were seized with fits 
of individual impatience bordering on revolt. They began 
to take hold of the amazons by the legs, bite them and carry 
them outside the nest to as great a distance as possible, 
even to threaten them by curling back their abdomens. 
The amazons endured this treatment so long as it was not 
pushed beyond a certain limit, for they were too tough to 
be injured by it. No sooner had an amazon been transported 
by a glebaria some distance from the nest, than back she 
would come the quicker of the two, as in the case of Lep- 
tothorax mentioned in Chapter I. But when the g/ebaria 
began to be too obstinate or too violent, the impatient 
amazon would curve back her body and take hold of the 
slaves’ head between her mandibles. As a rule the glebaria 
would immediately relax her hold. Some of them, however, 
grew more and more stubborn and continued to bite. The 
amazons then pierced their brains and killed them like so many 
enemies. 1 saw one amazon being dragged about by six or 
seven glebaria, of which she freed herself by killing one. 
These affairs had degenerated into veritable cold-blooded 
fighting. Presently the rain began to fall and all these 
scenes of revolt came to an end. It must be admitted that 
such facts are very curious, and provide us with matter for 
reflection and comparison. 

In conclusion, I should like to quote here a remarkable 
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observation by P. Huber, which, to my knowledge, 
has never been repeated since—that is, in the last 1 
years: 

“A mixed formicary had been recently established on the 
terrace of the house in which I lived. | carefully observed 
the excursions of the amazons, and one day I noticed that 
they were making for a deserted formicary: the ants which 
had previously occupied it had no doubt been robbed too 
often by their formidable enemies and had departed, bag 
and baggage. The amazons, which were probably not com- 
‘fortable in their dwelling, took advantage of this circum- 
stance. When they had visited the empty formicary, they 
retraced their steps, took up in their mouths the ash-black 
ants (g/ebaria) of the mixed colony and transported them to 
the other nest. This performance occupied a few hours, and 
a complete emigration was effected. Thus | saw the op- 
posite of what I had previously found; but I have never had 
the opportunity of seeing 1t again. The amazons carried the 
black ants just as they are usually carried by them. When the 
slaves were transferred to their new dwelling they remained 
there, and each species began again to perform its usual 
functions. 

From all these facts we can deduce an important truth 
relative to the moral sense of these insects, namely, that 
their instincts are susceptible to some modification. Ants 
captured in their youth may be tamed and adapted to live 
with enemy species; it is during the first days of their life, 
therefore, that the impressions which they will always 
retain are formed. Objects which would naturally have 
aroused their hatred will then no longer inspire in them any 
other sentiment than love.”’ 

& AMERICA AND JAPAN. I. POLYERGUS BREVICEPS. This 
species is closely related to P. rufescens of Europe and has 
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the same dull reddish-brown colouring, but a shorter head. 
It is found in the Western United States, Colorado and New 
Mexico, at a height of 2,000-2,500 metres. According to 
Wheeler, who observed its forays, it reduces S. subsericea, 
argentata and neocinerea to slavery. Wheeler had counted 
1,000 ¥ to one of its armies. Its expeditions are identical 
with those of P. rufescens, but the subsericea do not even try 
to defend themselves, and the “courteous and considerate”’ 
breviceps, as Wheeler calls them, very graciously content 
themselves with stealing their brood. The P. dreviceps set 
out early in the afternoon. Wheeler has sometimes seen 
them make a mistake and grasp adult swdsericea $ instead of 
cocoons, afterwards leaving them quite unharmed a few 
centimetres away from the invaded nest. No subsericea 
are killed or wounded in these expeditions. They do not 
even leave their nest. 

2. POLYERGUS BICOLOR. This small amazon is red witha 
black abdomen. It lives in Wisconsin and Illinois, and 
enslaves S. subenescens, making its nest not in the earth 
but in the fallen tree trunks or stumps found in forests. 
It seems to me that these expeditions observed by Wheeler 
bear a very close resemblance to those conducted by 
P. rufescens against S. rufibarbis. Wheeler has seen the 
P. bicolor bite the subenescens and even the wood with an 
insensate fury such as I observed in our own P. rufescens. 
The subenescens defend themselves valiantly; they do not 
seem to pursue the P. dicolor when they return, but the 
amazons frequently pierce their heads. Wheeler describes, 
among others, an expedition carried out by some P. bicolor 
living in a branch of a dead tree against a formicary of 
S. subenescens housed in the trunk of an overthrown tree. 
The & scouts of P. bicolor often disappear under dry leaves 
and hunt in the earth for S. swbenescens nests. Wheeler has 
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also seen forays which failed, and from which the Bicolor 
returned empty-handed. 

3: POLYERGUS LuciDUs. This large amazon lives in the 
Eastern United States and makes slaves of the Neoformica 
of the pallide-fulva group. Like these, it is longer in build 
than the other amazons, including our P. rufescens; I have 
never seen but one of these ants alive—a scout taken in 
Boston park. P. /ucidus is of a uniform and beautiful shiny 
yellowish-red colour. Wheeler, who has studied it in detail, 
says that its colonies are small. They often contain ergato- 
gynes, which, as in the case of P. rufescens, may replace 
the 9. 

On July 31st, 1904, Wheeler saw about 200 P. lucidus 
come out of their nest at 2-37 p.m. and arrive at 2-45 near a 
crater of N. incerta, situated fifteen metres away from their 
nest. The /ucidus poured through the opening, slaughtering 
or frightening away the incerta that were loitering about the 
galleries. A moment later, the first /ucidus emerged with a 
cocoon, and all the rest followed, most of them being laden. 
One of them, which had picked up a young incerta, killed 
her on the crater. At 3-13 the last stolen cocoon was brought 
out of the nest. A few incerta which tried to defend them- 
selves were at once dispatched by the P. /ucidus. 

Wheeler isolated thirty P. /ucidus which had N. nitidiven- 
tris slaves, and watched them as they suffered themselves 
to starve to death in front of a dish of honey and a wet 
sponge. They begged one another in vain for regurgitation, 
and finally began to die of hunger. When only sixteen of 
them survived, Wheeler placed near them three S\. subsericea 
8 and the same number of N. nitidiventris from strange 
colonies. The P. /ucidus were more spiteful towards the 
S. subsericea, all of which they pierced and killed. On the 
other hand, at first they seized the nitidiventris by the legs 
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only. But when Wheeler returned at 9 p.m., he found two 
nitidiventris % dead and the third in alliance with the 
P. lucidus, which she was feeding in succession with honey. 
All next day she continued to feed them like a solicitous 
mother. Nevertheless, on the day after that Wheeler found 
the poor, benevolent witidiventris with her head pierced by 
one of these stupid and ungrateful P. /ucidus. 

At 3 p.m. Wheeler placed twenty big S. swbsericea 8, 
with their brood, near the sixteen P. /ucidus. ‘To his great 
surprise, it was the sudsericea this time that attacked the 
Polyergus in the apparatus, mauled them about, caught hold 
of their legs and showered them with formic acid, leaving 
them in a pitiable plight. This victory for the suwbsericea 
is almost incredible, but as it is described by such a judicious 
and conscientious author as Wheeler, we cannot feel any 
doubt about it. 

It follows from these facts that each of the three American 
species of Polyergus known, has somewhat different special- 
ized habits. There is nothing either new or rare in the com- 
bination of beauty and stupidity; it can be seen in P. 
/ucidus, which proves to be the fiercest of all, and without 
reason, when attacking the weak and cowardly Neoformica. 

4. POLYERGUS SAMURAI. This beautiful Polyergus, which 
is quite black, lives in Japan, whence a specimen has been 
sent me by Prof. Tocutaro Ito. Its ¢, which is also black, 
has pure white legs and antenne, which give it an unusual 
appearance. P. samurai enslaves a Japanese variety of Servi- 
formica fusca, but | do not know any details concerning its 
expeditions. It is at least as large as P. rufescens. 


3 HARPAGOXENUS 
This genus consists of two species of Myrmicine, whereas 
Raptiformica and Polyergus belong to the Formicine. One of 
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these, H. sub/evis, lives in the north of Europe, and the other, 
H1. americanus, at Washington, New York State, and in 
Pennsylvania. These ants enslave Lepiothorax, and con- 
stitute a kind of transition between the facultative in- 
dependence of Raptiformica and the obligatory slave- 
making tendencies of Polyergus. But it is something apart 
-from either of these. For the best studies of these curious 
ants we are indebted to Gottfried Adlerz, H. Viehmeyer and 
W. M. Wheeler. 

I H. SUBLEVIS. ‘This species has been found in Finland, 
Sweden, Denmark, the Dresden district of Saxony, and last 
of all, as discovered by Emmelius in 1914, in the Swiss 
Engadine, at a height of some 1,600-1,700 metres. It was 
depicted in fig. 73. Its slaves are Leptothorax acervorum 
and muscorum, and occasionally L. tuberum. It has triangular 
mandibles, but they have lost their teeth. Meinert had 
already found five $ with ocelli to one without them. All 
possible forms are actually present intermediate between 
the worker and ergatogyne, which in this case is the prin- 
cipal sex, and, according to Adlerz, mates with the 3 of 
other formicaries. This ergatogyne has a receptacle for 
semen, and founds colonies by attacking L. acervorum or 
muscorum nests alone or with the aid of companions. She 
drives out all the inhabitants and annexes their nymphs of 
all sexes, which she rears as her slaves. She often cuts off 
the wings of virgin Leptothorax 9 as soon as they are hatched, 
in order to make them slaves also, for the Leptothorax @ 
work among the rest. She also frequently cuts off the wings 
of the g, possibly in order to make them her husbands. 
However, Viehmeyer has-discovered in Saxony a few rare 
winged H. sublevis 9, which have never been found in the 


north before. 
Adlerz isolated some H. sudlevis with their larve, which 
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they allowed to starve or shrivel up completely. For their 
own part, however, they were able to eat the food that was 
given them and accordingly to live for 135 days, but unable 
to go out of their nests alone in search of food. The in- 
teresting point about this is that the ergatogyne accumulates 
and combines the réles of mother-queen and marauder- 
worker. The 9 of Raptiformica does likewise, but only in 
the early stages of her life. 

In Sweden, Adlerz found an H. sublevis formicary con- 
taining L. acervorum and L. muscorum slaves at the same 
time. Hence he deduced that this slave-making ant must 
sometimes raid natural colonies, as Po/yergus does, and not 
content itself with the brood reared by the ergatogyne- 
founder. But these expeditions, and the return homewards, 
have never been observed. Wheeler, who found a natural 
mixed colony in America, consisting of the yellow Leptothorax 
curvispinosus and the black L. /ongispinosus, was induced 
to wonder whether Adlerz’s H. sublevis ergatogyne in 
Sweden might not have attacked a similar mixed formicary 
of L. acervorum and muscorum, but this does not seem to me 
very probable; it would be an exception superimposed upon 
an exception. For my part, I think that Adlerz is in the 
right. It is nearly always the Leptothorax § slaves which 
transport the H. sud/evis and brood during removals. 

Viehmeyer noticed that the slaves of H. sublevis feed 
larve in two ways, firstly by regurgitation and then by 
giving them pieces of insects which they have cut up, as 
the Ponerine do. This same author thinks that the slave- 
making instincts of Harpagoxenus are derived by phylogene- 
sis from former lestobiosis. ‘This is possible, but, | repeat, 
beware of hypotheses. 

2 H. AMERICANUS. This extremely rare species lives 
with Leptothorax curvispinosus. Wheeler is the only person 
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who has observed its habits; he observed three formicaries, 
one containing a single &, another six §, and a third eight 
@, and a true fertilized 2 with traces of wings and not 
ergatoid. There were no fertile Lepsothorax 9. When 
confined in an artificial nest, H. americanus proved to be 
completely inactive. To Wheeler these ants convey the 
impression of having reached a more abject stage of para- 
sitism than their European congener, H. sudlevis. But 
Wheeler did not discover how their colonies were formed. 

In brief, a great deal of observation upon Harpagoxenus 
has still to be made, and various experiments, on the lines 
of those made by Kutter, which we shall shortly describe, 
have still to be carried out. 


4 THE SLAVE-MAKING STRONGYLOGNATH US 

In 1871 the only species of this genus known as yet was 
Strongylognathus testaceus, a parasitic species represented in 
fig. 104, whose habits I have described in Chapter VII of 
Part II]. The slave-making species are not represented, 
but they have exactly the same kind of mandibles as 8S. 
testaceus, and differ from them only in the shape of their 
occiput, which is convex and without a hollow on the 
posterior edge. 

I sTR. HUBERI. In July, 1871, I explored southern 
Helvetia in order to be able to write about the ants found in 
every part of Switzerland. While visiting Fully in Valais, 
I dug my chisel into a nest of small Tetramorium caspitum, 
and was surprised to find these ants mixed with others 
redder in colour, somewhat longer, and almost as numerous 
as themselves. I took mymagnifying glass, and what was 
my surprise and joy to find at the first glance that I had 
come upon a new species of Strongylognathus, differing from 
testaceus at any rate in its occiput, its larger size, and the 
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great number of § in the formicary. For the time being I 
named it Huderi, in memory of my revered Pierre Huber, 
and I soon made the following experiment: 

I went to a place near by and filled a bag with small 
T. cespitum, similar to those of the S. Huberi but belonging 
to an ordinary natural, unmixed formicary, and these, 
with their brood, I placed a few centimetres away from the 
Huberi nest. The attack with my chisel had already brought 
the S. Huberi out of the nest, and, feeling at once that the 
Tetramorium were strangers, they and their slaves formed an 
army and fell upon them by common accord. I saw them 
grasp the T. cespitum by the body or head, in the manner of 
Polyergus, overwhelm them singly by.their mass formation 
and the rapidity of their march, and finally steal the nymphs 
and carry them back to their nest. It was certainly they, 
not their slaves, that achieved this rapid victory—a fact 
which I cannot understand. There are, nevertheless, a few 
difficulties about this experiment: the foray was artificial; 
a relatively large number of S. Huberi were killed; and 
finally, thanks to their strategy and dash, they were quite 
successful in routing the T. cespitum, though not in piercing 
their brains, owing to the hardness of the Tetramorium 
chitin. 

Since that time I have found this species at Fully on two 
or three occasions. In 1900 I brought a whole nest back 


to Chigny on my bicycle, and there I established it and used _ 


it to repeat and confirm my former experiment, rearing 
both 9 and 3 meantime: but I did not manage to find the 
queen. On every artificial expedition against the Tesra- 
morium, which I brought thither with their brood, the 
S. Huberi attacked and vanquished the T. cespitum. ‘They 
also stole the nymphs, but I further observed that some of 
these, at any rate, were afterwards rejected by the slaves— 


———_— 
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possibly because they belonged to a slightly larger variety. 
In short, I began to suspect that the S. Huberi had already 
been tainted with the parasitism of the mother-queen. 

At a later date Escherich, following my directions, 
found the S. Huderi nest again at Fully, and showed it to 
Wasmann, who, so he told me, recognized two different 
varieties of T'. cespitum in this mixed formicary. From this 
he concluded that S. Huderi makes natural raids. Since 
then, various races and varieties of S. Huberi have been 
discovered, among others the S. afer which | myself 
gathered in Algeria. It is smaller than Huderi s. str., but 
the formicary contains the same number of $. For the most 
part, the varieties of T. cespitum found in that district are 
very small. 

2 S. REHBINDERI. The geologist Rehbinder once sent 
me some ants which he had taken on the shores of the Black 
Sea, near the convent of New Athos. Amongst them were 
8 of a new red Strongylognathus, the largest of all the species, 
with.a much bigger head and more robust build than 
Hubert, and also an abundance of T. cespitum nymphs, but 
no adult $. This aroused my suspicions, and I wrote to 
Mr. Rehbinder explaining the matter (the other ants were 
black or grey), and asking where and how he had found this 
new and very interesting red ant. He answered clearly and 
concisely by return of post, that he had taken a number of 
these ants, the only red species, while they were carrying 
small white nymphs, in broad daylight, on a gravel path 
connected with the New Athos convent. No doubt was 
possible. These Strongylognathus, which I baptized KeA- 
binderi, had been on a natufal expedition and were returning 
after plundering the nymphs of a Tetramorium formicary. 
This shows you, my dear reader, that a good observer like 
M. Rehbinder, even if he does not understand for the time 
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being the value of his observation, may afterwards be en- 
lightened by a specialist on the matter, and, conjointly with 
him, succeed in solving an important problem. The thing 
that really matters is good observation; Mr. Rehbinder had 
no idea that this was a slave-making expedition, but he had 
seen clearly and accurately—and that is the basis of all 
scientific induction. A fig for hypotheses! I for my part 
was sufficiently well acquainted with Strongylognathus and 
the T. cespitum nymphs to avoid any mistake; for the rest, 
the & are still in my collection. 

There are, then, species of Strongylognathus which carry 
out spontaneous forays. But further proofs of this are to 
follow. 

3.8. HUBERI ALPINUS. This Alpine race, discovered in 
1909 by Wheeler at Zermatt in Valais, nearly 1,800 metres 
above sea-level, is quite distinguishable from other S. 
Huberi by its more robust (less slender) stature and darker 
colour. Wheeler found several formicaries of his new race 
containing one alpinus to 3-5 cespitum. Once he found 
sixty alpinus and only two T. cespitum under a stone. He 
discovered the §, § and 9 nymphs of a/pinus, but only the 
@ nymphs of Tetramorium. He repeated in front of a large 
formicary the experiment which I had made with S. Hudberi. 
In a quarter of an hour’s time the a/pinus came out in crowds, 
seized the Tetramorium by their heads and bodies and then 
carried away the nymphs, which were not rejected by the 
cespitum slaves. 

Wheeler rightly declares that no formicary so enormous 
as those he found can be explained by the rape of nymphs. 
He supposes that raids take place at night, and that, under 
certain circumstances, the marauding army retires beneath 
the stones in the day-time, owing to its fear of heat, as in 
the above-quoted case of the sixty alpinus. 
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But, for the most systematic and complete experiments 
with this extremely interesting ant, we are indebted to 
Heinrich Kutter, of Zurich. He begins with the following 
summary of the observations which he made upon natural 
nests before 1920: 

1 All the south-eastern slope of the valley, 1,600-2,050 
metres in height, is populated by S. alpinus. 

11 Their formicaries vary in size from small nests to 
large polycalic states. 

11 The proportion of a/pinus to the T. cespitum varies 
from I-1 to I-1§ or I-20; on an average it is 1-4 or I-5. 

tv One nest found by Wheeler had no brood but that of 
alpinus. 

v On three occasions a large number of alpinus were 
found with very few T. cespitum. 

vi Only one out of five experiments testing the slave- 
making instinct in a/pinus showed any reaction, and then 
not until a quarter of an hour had elapsed. 

vit. The brood of strange Tetramorium were always 
eagerly accepted by the slaves of a/pinus. 

vit Hitherto no fertilized 9, J or % of T. cespitum have 
been found in a S. a/pinus colony. 

1x No natural expedition of S. alpinus has so far been 
observed. 

x The nuptial flight of S. a/pinus takes place at the same 
time as that of T. cespitum. 

As he was not successful at Zermatt, Kutter took a bag 
full of a/pinus and their slaves and brought it to Zurich, 
where he placed them in an artificial nest (MeldahI-Kutter 
system) in communication with the large framed arena 
which we described in Chapter I of Part III. We will use 
the letters T'.S. to denote the nest of the mixed Tetramortum 
_—8S. alpinus formicary, which contained between 140 and 
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200 8, 100 winged 9, a few g and some a/pinus young- 


besides some 600-800 T. cespitum §. 

On September 3rd, when everything had settled down, 
the nuptial flights took place; the sites of the cemetery and 
manger were fixed. On September 8th Kutter went to a 
natural formicary and took 400 T. cespitum with their 
abundant & nymphs, all of which he placed in an artificial 
apparatus identical with that of the T.S., but situated at 
the other end of the large arena. This may be called T.N. 
In this manner the two formicaries were able to come in 
contact with each other as though accidentally and naturally. 

Kutter soon saw a few Tetramorium from the two formi- 
caries grappling with each other in the arena. But besides 
this, more especially towards the evening, several Strongy- 
lognathus (which we will call $.S.) approached the T.N. 
nest, and one of these spies was even attacked by a T.N. 
and defended itself with its mandibles. A few T.S. and S.S. 
% went so far as to enter the T.N. nest, but they were ill 
received and fled back to the arena. The T.N. then ob- 
structed the entrance to their nest, as far as a narrow 
passage, with small grains of sands, and the few T.S. 
which had not saved themselves in time were killed. 

In the meantime, evening had fallen. By the light of an 
electric lamp Kutter then saw the S.S. growing excited and 
following one another in close files out of their nest and 
along the left edge of the arena. But when they had gone a 
third of the length of the arena, on the side opposite to that 
of the TN. nest, the file retraced its steps and continued thus 
returning upon itself unceasingly. The presence of the 
electric light on the left may have caused the S.S. & to take 
the wrong direction. Doubtless they felt bitter towards the 
T.N. But it was late at night, and Kutter was obliged to 
retire. 


a ~~ 
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At 6-30 a.m. on the following day, September gth, the 
slave-making expedition was in full swing. And a curious 
expedition it was! On raising the cardboard cover of the 
T.N. apparatus and letting the light into the interior, Kutter 
saw some 50-60 5.5. All the grains of sand heaped up the 
previous day by the T.N. had been cleared away. The 
T.N. were huddled together, motionless, either on their 
brood or at the sides of their nest; the temperature was 
fairly low, and this made them lazy and totally indifferent 
to the S.S., which seemed to have intimidated them com- 
pletely and were behaving like the masters of the T.N. 
house. Several Tetramorium couples were also seen fighting 
each other. A few T.S. must, therefore, have found their 
way into the T.N. nest. Indeed, though the S.S. coming to 
and fro between the T.S. and T.N. nests, this time on the 
right side of the arena, were at very wide intervals, Kutter 
saw in their midst a few T.S. The Strongylognathus were 
zealously carrying the T.N. larve and nymphs into their 
T.S. nest without being molested by the T.N. Sometimes 
they would be tripped up, but, unlike the ants in Kutter’s 
natural formicaries at Zermatt, they were never seen to 
relinquish their booty for this reason. On the road that lay 
between the two nests in the arena, he saw as many S.S. 
returning to the T.N. nests without spoil as with it. They 
all followed the vertical edge of the arena which formed a 
right angle. None of them crossed straight over the arena 
between the T.S. and the T.N. 

The fighting tactics of the alpinus S.S. were extremely 
comical. They prudently grasped hold of their enemies 
from behind, preferably by the thorax. Without doing 
them any serious harm, they obtained mastery over them 
by a notable tactic. The 7. cespitum seized in this way 
would fold up its legs and the abdomens of the two ants 
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would begin to tremble violently, especially that Of sthe 
Tetramorium. The alpinus soon relaxed her hold and went 
away, as though overcome with disgust for the T.N., and 
also as though she had no other means of overawing this 
creature, which was at least as strong as herself. The S.5. 
was not fond of making a frontal attack, and if she did so, 
she took hold of the T.N. by the neck, pronotum or mouth, 
and raised herself up. When she was free again, the T.N. 
seemed half frightened and half subdued; her fighting 
spirit had disappeared. Probably the low temperature had 
its share-in the production of this phenomenon. 

Thus it happened that the keen and lively alpinus 
managed to walk about with impunity amid the crowd of 
T.N. Sometimes, however, a T.S. became excited and ran 
away, though Kutter never saw it attacked by a T’.N. in such 
acase. It was always the S.S. which fooled the T.N. in the 
manner described above. The T.N. crouched in a motion- 
less heap over their brood. Kutter thought that the S.S. 
would find it difficult to steal their brood. But not at all! 
Our S.S. gripped one T.N. after another by the back and 
carried her out of the way until the brood was revealed 
and the nymphs could be removed. But over and above this, 
the S.S. tried to pester the motionless heap of 'T.N.; they 
carried little stones among the T. cespitum %, as though they 
wished to bury or excavate them, certainly for the sake of 
annoying them. At 10 o’clock in the morning a great deal 
of the brood still remained, but there were only five S.S, 
left in the T.N. nest. When a S.S. was caught by a TN@ 
she feigned death and hence quickly obtained her freedom; 
this was observed several times by Kutter. 

Altogether the S. a/pinus seem to have a talisman (which 
is perhaps only their strategy) that enables them to go into 
all sorts of places whither their slaves can penetrate only 
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after fierce fighting. In any case, the ‘masters’ were much 
less dangerous to the T.N. than their T.S. slaves, which 
accompanied them and waged relentless war on them 
throughout the day. For several days the T.N. nest was 
visited in this way, and its population continued to diminish. 
During the night and until the following morning the S.S. 
kept running out and carrying off the nymphs. At 2 p.m. 
on November gth, for instance, there were only two S.S. 
in the T.N. nest, but at 7 o’clock in the evening there were 
twenty-five again. This evening the to-and-fro movement 
along the left side of the arena was still more marked. One 
or two a/pinus 9 twice visited the T.N. nest and fought with 
the T.N. in the same manner as their S.S. &. 

Kutter vouches for the fact that the T.S. adopted the 
nymphs of the T.N. Two larve only were thrown away 
into the arena. Towards the end the S.S. gave up trans- 
porting the young from the T.N. nest to the T.S. nest, and 
the T.S. § alone discharged this duty. The S. alpinus 
carried the I.N. § peaceably to their nest. Finally a few 
S.S. ¢ discovered the direct route between the T.S. nest and 
pas 1 .N..nést. 

By the evening of September 14th the T.N. nest was 
completely emptied of ants and brood. Kutter then counted 
about 100 dead among the 7. cespitum, and only one § and 
one Q dead among the S.S. He is convinced that the 
T. cespitum (1.S.) alone had nearly all these murders on 
their consciences. As early as November 13th he ascer- 
tained that the number of 7. cespitum in the T.S. nest had 
increased. ‘‘Behold how a robbers’ foray was transformed 
into a union of peoples.’ Such is Kutter’s description. 
Would that it might be likewise with our poor human race 
at the present day, despite the blindness of those who 
govern it! Kutter summarizes his results as follows: 
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1 S. alpinus is liable to make spontaneous slave-raids. 

11 Apparently these raids can take place only at night. 
The above experiments in the arena confirm observations 
made under natural conditions. This would seem to be an 
adaptation: at Zermatt a fierce sun strikes vertically, from 
morning till evening, upon the bare slope occupied by 
S. alpinus, and the ants dare not go out until the evening, 
when the rays have been intercepted by Mont Cervin. 

ur Some of the slaves may accompany their ‘masters’ 
on the forays. The three bands of S. a/pinus found under 
the stones by Wheeler and Kutter, and containing a very 
small number of JT. cespitum, were doubtless raiding- 
parties delayed by the sun. ‘This supposition is confirmed 
by the experiments made in the arena. 

tv The raids of a/pinus have quite a different character, 
however, from those of Polyergus, and probably from those 
of S. Rehbinderi. ‘They form up in narrow, unbroken 
files which tend to connect the mixed slave-owing formicary 
with the natural formicary invaded by the T. cespitum. 

v During these raids the S. alpinus prove to be less 
formidable to the 7. cespitum, individually speaking, than 
their slaves. Consequently, the S. a/pinus allow their slaves 
to fight, and concern themselves only with intimidation and 
the rape of the nymphs, though towards the end they leave 
this last task to their slaves. 

vi All the experiments, which Kutter repeated several 
times, ended in an alliance between the robbers and the 
robbed, and all that were left of the defeated ants were 
finally removed to the mixed formicary and annexed by it. 


vir Alliances of this kind are facilitated by the nocturnal — 


pillaging expeditions of S. alpinus, which occur when the 
fall in the temperature makes the Tetramorium lazy, sleepy 
and much less combative than they are by day. 
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vu The curious fighting-method of S. a/pinus, consisting 
solely of intimidation, also facilitates their final alliance 
with the 7. cespitum which they defeat. 

1x “According to Kutter’s experiments, the S. alpinus 8 
and even its 9 are capable of digging nests for themselves 
and eating without any assistance. 

x In the mixed formicaries, Kutter has been unable so 
far to discover any 9 undoubtedly fertilized, among either 
the T’. cespitum or the S. alpinus, though he certainly found 
some a/pinus 2 which had lost their wings. 

x1 It is probable that S. alpinus also carries out under- 
ground raids. Its formicaries are sometimes enormous, 
and may occupy more than five square metres. 

x11 Kutter once put seventy S'. a/pinus with seventy very 
lively T. cespitum and their brood. At first the alpinus 
seemed as though they were defeated and overwhelmed, and 
allowed themselves to be maltreated by the Tetramorium, 
which were apparently frantic with rage. But by slow 
degrees the a/pinus began to defend themselves and to 
take hold of their furious enemies by the head and thorax. 
In the end Kutter counted twenty dead a/pinus and sixty-one 
dead T. cespitum. On being released after hand-to-hand 
encounters with the a/pinus—so Kutter wrote to me—the 
Tetramorium often seem to be stupefied and afflicted with 
paralysis in their mandibles and front legs. This may 
be the result of wounds in the neck or brain, which the 
hooked jaws of S. alpinus reach through the mouth, as 
Kutter has frequently observed. He thinks that the sub- 
oesophageal ganglion has been broken in front of the 
prosternum or through thé mouth. 

Such are the admirable observations and experiments of my 
young friend Heinrich Kutter, published in the Biologisches 
Zentralblatt, Vol 40, 1920. From these, dear reader, you 
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should derive yet another warning against generalizations. 
Every species or race of Svrongylognathus seems to have 
special habits; S. sestaceus has become a parasite and no 
longer goes raiding, but its ancestors must have done so, 
as it betrays phylogenetic reminiscences of the slave-making 
instinct when placed in the presence of strange T’. cespitum. 
S. Rehbinderi goes on raids by day in the open air, but 
nothing more is known about this species. S. a/pinus seems 
to be peaceably disposed, but it goes on nocturnal raids, 
probably sometimes under ground, which are faintly sug- 
gestive of the expeditions of Raptiformica sanguinea in the 
uninterrupted character of the files between their nest and 
the plundered formicary, though quite different in other 
respects. As yet we know of no spontaneous raids on the 
part of S. Huberi, and its artificial expeditions seem to 
resemble those of a/pinus, except that they exact rather more 
energy. Until more evidence is forthcoming we cannot 
tell whether they are conducted by day or night. In any 
case, I think I must now withdraw my accusation concerning 
its tendency to parasitism as an unjustifiable suspicion, from 
which its cousin a/pinus has cleared it. We know nothing 
yet of the other species, afer, Christophi and Cecilia. 

Kutter has also been good enough to place at my dis- 
posal a summary of his very striking experiments with a 
formicary of S. a/pinus transported from Zermatt to Zurich 
and observed by him between 1920 and 1922. I offer the 
following free translation of his observations and I must beg 
the reader not to forget that ‘Il’ refers here to Kutter, not 
to myself. 


5 THE STORY OF A CAPTIVE FORMICARY OF 
STRONGYLOGNATHUS HUBERI x. ALPINUS 


“At Zermatt in August, 1920, | discovered a flourishing 
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tribe of S. alpinus. It was so large that when | brought it 
with me to Zurich I needed three artificial nests in which to 
accommodate it, along with its plentiful brood and its 
countless winged jandQ. But even these were not enough. 
In order to provide these creatures with the space and the 
number of canals essential to the way of living they prefer, 
I was obliged to lay out long but minute passages of glass, 
covered with sand, in my large arena (see above and Part III, 
Chapter I—Forel); these passages branched out and led 
directly to the entrance and exit-passages of the three nests. 
As soon as everything was ready the ants ran out into the 
arena and spread into the branching tubes. ‘Two hours 
later, at 1 p.m., the winged g and 9 of S. alpinus emerged in 
a state of great excitement and set out on their nuptial 
flight. But while the ¢ flew alone as far as my window, 
which was facing the sun, the much heavier and more 
lethargic 9 were scarcely able to sustain their flight till 
they were outside the walls of the arena. During the days 
that followed the same facts were repeated and still further 
accentuated, as I observed several times. The ¢ could 
scarcely be restrained long in their native nest, whereas the 
° often remained there without even making serious attempt 
at a nuptial flight. 

My colony was soon quite at its ease in its new abode; 
I could see that this was so by the hardworking and well- 
regulated life it led. 

Set apart in a fourth artificial apparatus, I had a fine 
colony of pure Tetramorium cespitum, taken at Zermatt, 
which contained some hundreds of nymphs and also the 
winged forms of both sexes. On September toth, at 
5 o'clock, I put this nest into communication with the arena, 
in such a manner that on coming out its inhabitants would 
inevitably enter into direct communication with the tubes 
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of glass under the sand belonging to the 5. alpinus establish- 
ment. As I expected, the two formicaries soon came in 
contact with each other. But, to my great astonishment, 
the intensely warlike S. a/pinus then remained still, showing 
no sign of hostility or any kind of reaction. Only a few 
isolated combats between Tetramorium betrayed the fact 
that two strange formicaries had come unawares into each 
other’s presence. The T. cespitum went quite peaceably 
in and out. In four hours’ time (about g o’clock) I even 
saw a few S. alpinus walking calmly into the nest of the pure 
Tetramorium without being attacked. 

It may be suggested that the two formicaries had per- 
haps already been allied with each other at Zermatt. We 
can scarcely assume this, as their nests there were situated 
at least 200 metres apart and separated furthermore by 
rocks, goat-sheds, heaps of manure and countless stones and 
slopes, such as are found everywhere in the Alps. The 
explanation must be sought elsewhere, namely, in the 
temporary situation of the two groups, which compelled 
them to make a peaceful alliance when they suddenly met 
by artificial arrangement. The S. a/pinus were absorbed in 
their nuptial flight; the strange Tetramorium, overtaken 
unawares, had to provide for an enormous brood, as the 
slaves of S. alpinus were also obliged to do. Hence they had 
no time for fighting. Anxiety for the brood and the nuptial 
flight must inevitably have led the two parties to an alliance. 

The new and free Tetramorium formicary soon began to 
transport its brood into the forked canals (of the arena). 
The heap of brood in the three S. alpinus nests increased to 
such an extent that it had also to be carried into the same 
canals beneath the sand. ‘These canals seemed to be specially 
pleasing to the ants. Very few S. a/pinus took any individual 
share in the transport of the nymphs; hence this can hardly 
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be described as a slave-raid. On the other hand, a few 
T. cespitum struggled to reverse the process, and re-trans- 
port nymphs from the canals to the nests; but they were 
overpowered. Altogether, therefore, this affair may be 
called a peaceful alliance, disturbed only in its early stages 
by a few isolated individuals. 

But the most interesting point is still to come: never a 
day passed but the Tetramorium 8 (naturally I could not 
discern whether they were the former slaves of S. a/pinus, 
or their new allies, or both), would set to work pursuing and 
plaguing the winged 9 and ¢ of their own species, and at 
last cutting off their heads until all had perished miserably. 
On September 1st I gave them seven more 9 and two more 
od which I had kept apart, and they endured the same fate. 

My first experiment ended, therefore, in an almost 
undisputed alliance, and the murder of the Tetramorium 
winged sexes by their own . I was even surprised at first 
to see how eagerly the T. cespitum 3 of the two formicaries 
licked each other, instead of fighting. The S. a/pinus 
played an almost passive réle. True, these slave-makers 
helped a little in the transport of the nymphs—not without 
occasional friction—but that was all. Their 9 and ¢ kept 
swarming all day long, and this apparently distracted the 
attention of the 9 from war; they were seen among their 
winged brothers and sisters, but very seldom among the 
strange Tetramorium. 

I had several more opportunities of seeing the Tetra- 
morium murder their own winged sexes, but I also saw many 
cases in which they were kind to them; everything depended 
on the circumstances, which varied. The points deserving 
of emphasis are: 1 that the murders in question have been 
proved many times over; 2 that the S. a/pinus never took 
any part in them. 
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I afterwards repeated this experiment with a weaker 
colony of T. cespitum from Zurich, containing 250-300 9 
and 80-120 nymphs. This time, however, I made the exit- 
tube of their artificial nest 24 metres longer, so that any slave- 
raid made by the S. a/pinus would have been obliged to pass 
from the arena to a table on which I had placed the new 
Tetramorium. 

But once again my S. alpinus played me false and showed 
no sort of inclination to try the adventure. The nuptials 
of their winged sexes did come to an end, and the nest was 
overfull of an almost adult brood. From a human stand- 
point it is easy to understand their behaviour, but it would 
be rash at this stage to assume causes-of this sort. Tetra- 
morium slaves, on the other hand, soon found occasion for 
vindictive quarrels with the newcomers. ‘They found a 
way into their long tubes, and I saw some couples fighting 
savagely with each other and curling up their abdomens. 
The TJ. slaves arrived at the enemy nest, whose defenders 
had barricaded it with earth, and exterminated them one 
by one with the consistent tenacity peculiar to T. cespitum. 
A few scattered S. alpinus also arrived and even carried off 
a few nymphs, but this was not enough to constitute a 
slave-raid. 

My S. alpinus formicary was evidently not to be urged 
into any more raids during the rest of the year 1920. 
‘Towards the winter, the ants withdrew more and more to 
their nests; in the end they even concentrated into one nest, 
so that I was able to close the two others. Meanwhile all 
the S. alpinus J and Q had flown away or were dead. In 
January, 1921, no more ants were found in the arena, and 
accordingly I was able to close the arena-doors as well and 
leave the ants in their apparatus until the following spring. 

It was in March, 1921, that the first S. a/pinus wakened. 
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In winter they had never been seen outside the nest—not 
even in the manger, but henceforth they could be seen 
there in great abundance. During the spring and the begin- 
ning of summer I united my formicary with two other 
small groups of S. a/pinus, also from Zermatt, which I had 
kept separate. I may mention, in passing, that their story 
would be no less interesting than that given above. On 
June 26th I again placed the arena in communication with 
the formicary, in the hope that the performances of my 
little circus of ants would begin again. More and more 
alpinus 3 came into the arena, while their slaves naturally 
ferreted about in the manger for food, cleaning it mean- 
while. 

During the whole of the preceding year at Zurich, 
therefore, my S. a/pinus had abjured their violent nature. 
In all my experiments quoted above, the Tetramorium 
slaves had played a predominant réle. I was anxious this 
time to eliminate their influence artificially, by simulating 
the natural state of affairs—at any rate, to limit it as far 
as possible. With this end in view, I simply starved my 
formicary. 

On August 18th I took, near Zurich, a thriving formicary 
of T. cespitum, consisting of large, strong 9, much stronger 
than the small, thin 3 from Zermatt. This lot consisted of 
some 1,400-1,600 § and goo-1,100 larve and nymphs. 
Between the exit tubes of the two nests I scattered some 
sunflower-seeds and drops of honey to attract the famished 
slaves of the T. cespitum. We will call the newly arrived 
Tetramorium 'T.N. (as above—Forel), and the slaves of the 
old mixed colony T.S. First of all, the T.N., which were 
coming out in a crowd, and the T.S., which had fallen upon 
the victuals, met each other. The large Zurich ants were twice 
or thrice as many as the little T.S. Their numbers and 
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their abundant brood, moreover, increased the natural 
combativeness of their spirit, as the first battles proved. 
The superiority of the T.N. seemed to be assured, and it 
was with some trepidation that I watched the decisive 
battle which was steadily developing. 

Scarcely half an hour after the beginning of the ex- 
periment a somewhat widely-scattered band of about fifty 
S. alpinus approached the entrance to the T.N. nest. The 
slaves, after their long fast, were so much absorbed in the 
attractions of the victuals that the action of their masters 
was all the more distinctive. 

The few S. alpinus at once tried to find their way into 
the T.N. nest, but as soon as they were in the arena, not 
to mention the entrance-tube and the nest itself, they were 
attacked so violently that I thought they were doomed. 
Soon, indeed, | saw that each of them had four or five big 
T.N. tugging at her limbs and maltreating her atrociously. 
I had watched many a S. a/pinus expedition, but never before 
had I seen them faced with such a strong and courageous 
foe. I therefore observed the fight like a doubting Thomas, 
but those artful rogues the Strongylognathus soon found a 
way of demonstrating their occult power. Within two 
hours they had won a decisive victory. Their fighting 
ardour was fairly moderate at first, but it grew every 
moment. ‘They obtained reinforcements, but even so they 
were compelled to hold their own against an enemy which, 
apart from size, was at least ten times superior to them in 
numbers. Yet they were soon the absolute masters of the 
situation. Once the ‘T.N. were disheartened their only 
thought was to flee altogether to the bottom of the nest and 
hide their brood; but here also they were pursued, 

All the scenes that followed were identical with those of 
other S. a/pinus raids. Crowding in every direction, these 
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ants set to work consistently to torment the T.N. in their 
importunate manner (see above—Forel), while the large 
Tetramorium had exchanged their initial fighting fury, and 
even their activity in saving their brood, for a completely 
phlegmatic state of resignation. In direct contrast to the 
customary ways of the Tetramorium, the S. alpinus showed 
once more their scorn of the enemy’s obstinate attempts 
to bite them in hand-to-hand contests. Moreover, the 
large number of dead or paralysed T.N. proved to me 
what terrible enemies these S. a/pinus were to that species. 
In the evening they were seized with a veritable lust for 
plunder. The & dashed from one nest to the other as though 
vying with one another in bearing the nymphs and larve 
away. Thus the entrance to the T.S. nest was soon blocked 
and its chambers were filled with the stolen brood; yet the 
S. alpinus did not cease their rapine. At first some of the 
slaves were not agreed among themselves, for I saw several 
T.S. bring out nymphs and throw them into the arena 
(compare with Strongylognathus Huberi above, under 4, 
No. 1—Forel): but they could not possibly counterbalance 
the S. alpinus’ zeal for accumulation. Morever, some other 
T.S. $ began to pick up the nymphs rejected by their 
companions, and also to pay personal visits to the nests of 
the hopelessly defeated T.N. and steal their brood. 

On the morning of the following day, August 19th, the 
S. alpinus were still in the full flush of their activity. But 
as there were scarcely any more young to carry off the gay 
fellows turned their attention to big T.N. themselves, 
much to their disapproval. By pinching and biting, and 
causing them all sorts of annoyance, the S. a/pinus forced 
them to coil up and allow themselves to be borne away to 
the nest and adopted. This was a veritable slave-hunt in 
the strictest sense of the word—much stricter than in its 
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application to the Polyergus. In this case the rape of the 
brood was not enough; the adults were likewise compelled 
to knuckle under and become abject slaves. 

In this way the fine strong T.N. formicary was entirely 
destroyed, its brood was stolen and most of the & were 
carried away and to some extent pursued and pestered by 
the a/pinus 8; it seems as though these creatures wished to 
give them a lesson in docility. In the plundered nest, the 
S. alpinus behaved like the sole master of the abode ; 
the few remaining T.N. hid themselves in every corner, 
but they could not escape the general fate. About 
August 2Ist, indeed, some two or three hundred of them 
gathered together under their apparatus, which stood in 
the arena, and there tried to hide and save between fifty 
and a hundred nymphs; but the S. a/pinus discovered this 
hiding place too, and once more removed its contents. 
Yet more bickering took place between the T.S. and T.N., 
but now they were never violent; for that matter, utterly 
intimidated as they were, and confused as to their bearings, 
the T.N. would not have been capable of violence. On the 
following day I was able to close their nest and remove it 
from the arena. 

Another Tetramorium formicary which I sacrificed a 
week after to my S. a/pinus’ lust for plunder endured the 
same fate as the T.N. Exactly the same phases followed 
one another: a furious attack by the new T. cespitum to 
begin with, ending in bodily capture and slavery for them. 

My 8. alpinus formicary was only able partially to endure 
the second winter, 1921-22. By the spring of 1922, indeed, 
the S. alpinus had practically disappeared. The T.S. had 
still a large number of larve, but they no longer showed any 
inclination to take up their abode in the arena and remained 
quietly in their nest. Some Formica fusca % which I had 
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placed in the arena discovered the entry to their nest and 
killed as many T-S. as they could in order to take their 
place. The only refuges in which the T-\S. managed to 
subsist a few months longer before disappearing were a few 
hidden chambers whose entrances were too small for the 


big F. fusca. Thus ended the Iliad of my S. alpinus.” 


I must certainly admit (I, Forel, now take up my pen 
once more) that I was far from expecting the surprises thus 
revealed to us by Kutter, thanks to his arena and his in- 
genious experiments. Here we find Tetramorium slaves 
killing their own winged sexes, and Strongylognathus Huberi 
r. alpinus turning out to be really a much worse slave-maker 
than Polyergus, not to mention Rapéiformica. Surely no one 
would have suspected it of reducing adults to slavery—but 
what an error was mine when | doubted the slave-making 
capacities of S. Huberi! ‘Truly, the scales have fallen from 
my eyes. There can be no doubt whatever but that the pure 
S. Huberi of Fully behaves in almost the same way as its 
somewhat distant cousin, the alpinus race of Zermatt. 
In any case, the partial rejection of the stolen nymphs by 
the slaves at Chigny in 1900 is now explained. But we 
have still to show how the @ of S. Huderi and alpinus found 
their new formicaries. 

Here I conclude my account of the alliances, wars and 
slavery of ants. At the end of this work I have added an 
Appendix, consisting of a study which Professor KE, Bugnion 
has kindly authorized me to publish under his name, 
and dealing with the observations which he made in Ceylon, 
on the wars of ants and termites. I would also refer the 
reader to Chapter IV above. 

Ponder well, friend reader, the contents of the present 
Part, and extract from it for your own advantage a sound 
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and lasting gospel of peace for our unfortunate human 
race, still distracted by an unnatural hatred, as hypocritical 
as it is conscienceless, of our fellow-men of different nations 
and peoples. Say to yourself: “All this must cease; {ceis 
crazy beyond all endurance.’’ We must set up a universal 
human system of parabiosis or alliance, to replace our 
antique slavery, our collective lestobiosis, our social clepto- 
biosis, our fraternal wars, by-one well-organized and well- 
co-ordinated polycalic formicary extending throughout the 
world. Learn from the universal religion of the Persian 
Bahais. ‘‘Where there is a will, there is a way.’’—Shout this 
from the housetops to the League of Nations at Geneva, 
ere it is too late! 


Ti 


Part V 
INR ODUGTION 1 O- PART:-V 


In Parts I-IV we have described the structure, classifica- 
tion, genesis, geography, sensations, physiology, psychology 
and general habits of ants, both inside and outside the nest. 
The task still remaining is to give some account of the 
special habits which are peculiar to certain more or less well 
defined groups in the five continents, inasmuch as we have 
not so far dealt exhaustively with these peculiarities. 

We shall divide Part V, not including the epilogue, into 
seven chapters : 

CH. I: The wars of the visiting ants, or Dorylnea, 

against other living beings 

CH. II: The granaries of Harvesting Ants 

CH. III: The Mushroom-growing Ants 

CH. IV: Weaving Ants 

CH. V: Ants as janitors 

CH. VI: The Rhagomyrmicine 

Gray lle Diversa 

1 The Ponerine 
The Pseudomyrmini 
The Cremastogastrini 
The genus Phetdole 
(rcewaits - 
Ants of the Desert and the Steppes 
Agile ants and sluggish ants 
8 Jumping and projecting ants 
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We shall then conclude our work with an epilogue, which 
will be divided into four sections: 
I What is a living creature? 
II The rédle of ants in nature. 
III Ants, termites and man. 
IV What can we hope for the future.of humanity? 


In the first two sections we shall summarize our know- 
ledge as to the part played by ants among the living creatures 
of our little planet. In the third section we shall compare 
them with their social peers the termites, and in the last, 
with human beings; for in regard to our social conditions, 
now in a state of flux, they will be able to yield us invaluable 
information. 


Chapter I 


Waka OR ab VISITING ANTS, OR 
DORYLINZA, 
AGAINST OTHER LIVING BEINGS 


The terrible visiting ants include three tribes; the 
Doryhini, Ecitini and Leptanillini. ‘The first, found chiefly 
in Africa and to a less extent in India, is the most fearful of 
all. In Part III, Chapter III, sec. 9, we have described the 
migrations of the Dory/ini according to Vosseler (1906). 
Here is a translation of this same author’s account of the 
habits and depredations of the ‘Siafu’ (a Negro term), in 
other words, Dory/ini of the sub-genus Anomma. 

“Visiting ants are dominated by a spirit of perpetual 
unrest. No matter where the human eye encounters them, 

“it sees nothing but headlong pursuit, fighting and slaughter. 
Whenever these 4uomma appear, there are always a few 
which begin by running hither and thither with an excited 
air, feeling and probing the ground on every side. Before 
ever these first scouts have apparently become familiar 
with the surrounding district which the Siafu are preparing 
to invade, impatient crowds may be seen emerging from 
small cracks in the ground, which they hasten to enlarge. 
In an instant, hundreds of duomma become thousands and 
hundreds of thousands. As though at the stroke of a magic 
wand, their warrior-legions rise out of the earth and spread 
in all directions, like a torrent without bounds, over the 
ground and the low-growing vegetation, which they cover 
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with their seething masses. Then life comes surging up on 
every side. Aroused as at the sound of a trumpet by the 
outrush of the Siafu, all living creatures, large or small, 
armed or defenceless, thereupon take to flight—crickets, 
cockroaches, spiders, millipedes, caterpillars, worms and 
many more, whether they are in the ground, or in decayed 
wood, under stones, among the grass or on bushes. All 
these live things, which have hitherto deemed themselves 
safe, flee as though demented before the implacable army, 
inasmuch, at any rate, as their nature allows. Thus without 
further ado there begins a sanguinary drama, incomparably 
poignant and vivid. A large bear caterpillar (moth), 
losing faith in its thick covering of stinging hairs, hastens 
away down the road, arching its back and pursued by the 
Anomma like a pack of wolves thirsting for blood. The 
chase is continued over a steep slope, the hunters following 
close upon their prey. Suddenly the caterpillar falls over, 
and the Siafu lose its track for an instant. Before the hap- 
less wretch has found its feet again, however, between ten 
and twenty 4zomma, or even more, have rediscovered it and 
bitten at its hairs, and in the twinkling of an eye some 
hundred ants have stopped it, swarmed over it and torn it 
to pieces. The fragments thus dissected are then carried 
away by a proportionate number of the indefatigable 
Siafu 9, which bear them to their provisional nests in 
spite of all the difficulties of the road. 

Farther ahead, a cricket is using all the strength and 
leaping power of its legs, with their muscles and tendons, to 
escape from the danger it has been prompt to recognize. 
Vain are its efforts! It is surrounded, seized by the legs, 
antenne and wings, and then artistically dissected by 
dozens of sharp mandibles; its fragments go the same way 
as those of the caterpillar.” 
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Here I will interrupt Vosseler’s tale in order to request my 
readers to look at fig. 107 C D E which represents the 21 
and 9 of dnomma. The curved mandibles of the 2) (C), 
each of which bears in its middle a strong triangular tooth, 
used in clinging to the skin of a victim, would be incapable 
of cutting the latter to pieces. But the % of various sizes, 
D and £, have mandibles with only a slight curve, which 
cross over each other when they are closed and have only 
two, or more often three, very oblique teeth near their 
extremity, so that they can bite and cut. But we must 
return to our observer: 

“The first invaders have thus made quick work of clearing 
the ground. ‘The troops which follow them up form 
between six and ten columns, a finger-length broad, to 
replace or fill up the front ranks when their predecessors 
return laden with booty. On every spot of ground still 
covered with these murderous hosts, swarming and prowling, 
a network of branching paths is formed, separating and 
joining together again, while the general movement in 
which the turmoil began shifts farther along the way. 
These paths serve both for the advance of the laggards and 
the return of the 4zomma laden with prey. Soon all is well- 
co-ordinated, and the sides of every path are occupied by 
the large 2| (C fig. 107), which station themselves in a 
serried line, shoulder to shoulder, perpendicular to the 
road followed by the %, and turn their heads outwards, 
waving their antenne in every direction in search of in- 
truders. On receiving the slightest indication that an 
enemy is at hand, a 2| raises its head and prothorax in a 
direction perpendicular to the ground, and opens its 
mandibles wide, so as to be ready to seize the enemy, resting 
its antenne meanwhile against these open mandibles. 
If, after a while, no enemy (or prey) appears, the guard 
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Fig, 707 A.B CDE 
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melts away, and at last only the giant 2| remain on the watch, 
with heads raised, mandibles ready to bite, and vibrating 
antenne. hus protected, the seething mass of toiling 8 
goes running on for hours and days; sometimes they all 
travel in the same direction, sometimes they cross each 
other’s paths, laden frequently with fragments of prey. 
From time to time the current flows backwards and the 
guard is displaced or relieved. 

When a path or network of roads has long been utilized 
by the Auomma, they build raised embankments leading to 
it laterally; sometimes they even cover over parts of these 
roads (covered paths) entirely, but there are always open 
intervals between two of these. Inside the embankments, 
the guards hang vertically, with heads bent back, so that 
the vertex of one almost touches that of a neighbour, and 
the chain of heads on either side almost forms a kind of 
roof to a living tunnel. Places which are often disturbed, 
such as paths used by men, are occupied in great strength. 
Swarms of ants, reaching to a distance of nearly 2 metres 
from the army, defend the road and its traffic against any 
attack or disturbance.”’ 

“The rapidity with which the Siafu mark out their 
roads forbids them to employ any art in their work. Even 
on smooth plains,’ says Vosseler, “‘these roads describe 
curves and meander to no purpose. On the other hand, the 
ants avoid stones and tree-trunks, or dig beneath them. 
When part of their road is flooded by torrential tropical 
rains the 4zomma immediately gather together to form 
balls of about a hundred individuals. Thus massed, they 
continually change places water makes scarcely any effect 
upon their smooth and oily chitin, so that the risk of drown- 
ing is reduced to a minimum. Even after fioods lasting for 
several hours the Siafu balls remain alive and well, and as 
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soon as the rain ceases the ants continue their way as though 
nothing had happened. But as a rule, even before this, the 
balls are already driven by the water towards dry land. I 
once managed to follow, over an uninterrupted space of 
about 400 metres, a Siafu-road which thrice rose and fell 
between 40 and so metres. But as is often the case, I 
could not discover where this road ended; hence it may have 
been prolonged still further. According to my observations, 
the manner in which the 4xzomma build their nests is in- 
timately related to the habits of these ants and explains 
various special points in connection with their customs. 

Unlike most ants (not including Ponerine or other 
Doryline: Forel), the Siafu are purely carnivorous, minia- 
ture wild beasts, of incredible voracity and fierceness, like 
Eciton of Brazil, etc. Their feeding habits compel these 
ants to be hunters. When they are established in provisional 
quarters and have occupied or built a nest, they set out 
from this central point to organize hunting columns in 
the neighbourhood, and these columns may extend for 
more than 100 or 200 metres. If the invaded region 
is. tich in prey, the, Siafu remain therestorsastaimeerae 
and complete the building of their roads. As soon as 
the prey in the neighbourhood is exhausted, the Siafu 
emigrate to another place and begin constructing more 
roads. Upon the success of their hunting, therefore, 
depends the length of time for which a road is utilized, and 
the degree of perfection observable in its provisional 
architecture. When the whole district has been well 
explored the duomma go on a few more reconnoitring 
expeditions, and do not decide on a removal until their 
prey no longer suffices to feed them or their brood.” 

It is the task of the 9 and 21, Vosseler tells us, to 
initiate and carry out every new migration—to seek out 
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the most propitious spot and prepare for the whole process. 
“The Anomma nymphs are naked and cannot endure the 
sun. This is the reason why a covered road must be built 
upon bare ground.’ Here I would refer the reader to 
Chapter III, sec. 9, Part III, where we quoted Vosseler as 
to the Siafu migrations. But to continue his story: 

“The Siafu work day and night, in all weathers, but to a 
less extent during great droughts or long rainy seasons. In 
their hunting they confine themselves to the ground itself 
and the low-growing vegetation. They rarely climb 
higher than a metre and a half above the earth. In human 
dwellings, however, they make an exception to this rule and 
often cover all the walls, even in the upper storeys, when 
there are such. Here and there the army disappears under 
the ground to come into view again a fair distance away. 
I have observed subterranean passages of this kind far 
away from any nest, and reaching as far as a metre down. 
In certain sheltered places, in grass, under stones, or in the 
trunks of fallen trees, the migrating Siafu can often be 
seen enlarging their road or covered path in order to lay 
their brood there for the time being. When part of a covered 
tunnel is destroyed, the Siafu do not rebuild it; they 
turn aside, even when the heat of the sun is fierce. We have 
seen that the ordinary hunting roads branch out, meet 
again and often form a network. The road on which the 
migrations are effected, on the other hand, is generally 
single and has no ramifications. 

When the prey of the Siafu is large, it is immediately 
cut up into pieces for transportation, as we have seen, but 
in the case of small inseets, etc., the legs and wings are 
simply cut off to prevent escape. The Anomma themselves 
have never been seen eating in the actual place where they 
are hunting, nor have the remains of their feast ever been 
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found on any of their roads. Every fragment is con- 
scientiously delivered at the formicary, where it is eaten in 
common. The body of a victim is drawn so neatly that the 
portions connected by joints are dislocated and fall apart. 
Food-refuse is thrown out round the doors of the nest, 
where it is piled up and mixed with the building-earth. It 
is also possible for the Siafu to make some provision for 
times when they have to interrupt their hunting in the open. 
As to their subterranean activities, they are often revealed 
by earthworms which have been attacked by the duomma 
in their earth-tubes, and although torn in pieces have 
managed to save themselves by emerging from the soil, 
whence they are not always pursued by their execu- 
tioners. 

While the prey is being quartered and the big columns 
are on the march, the rustling noise produced by the Siafu 
can be distinctly heard.” 

“The bite of the 4uomma,”’ continues Vosseler, “‘even that 
of the small &, is especially unpleasant and painful, though 
it is not intensified by any poison and consequently has not 
the excruciating results of other ant-bites. To be bitten to 
death by the Siafu must be one of the most cruel torments 
that can be imagined. The domestic animals of colonists, 
especially the small ones, such as fowls, often succumb to 
the attacks of the Anomma. Moorses, donkeys and mules 
infested by them are infuriated and have to be set at liberty. 
Poultry-breeders often wake in the morning to find nothing 
left of their fowls and chickens but feathers and bare bones. 
At Tanga the people declare that a few years ago a captive 
leopard was killed and drawn in a single night by the 
Siafu. By preference these ants will first attack the delicate 
mucous portion of the eyes, nose, etc., and they always 
discover almost at once the most sensitive parts of the skin. 
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Their bite is rendered all the more painful by their instinct 
for moving their sharp toothed mandibles in the sore. Even 
when carefully delivered from their executioners and treated 
with the utmost care, small animals which are wounded in 
this way by innumerable bites will more often than not 
succumb. It seems to me that the recovery or death of the 
victim depends either on the amount of blood lost or on the 
extent of the cutaneous surface that is covered with bites. 
Hence I believe that the Siafu lick the blood of their 
victims when they cannot immediately tear them to pieces. 
When the hemorrhage is too violent, or the bitten surface 
of the skin too large, the victim can no longer be saved: 
otherwise it may recover.” 

“The Anomma wage perpetual war with all animals. 
Their audacity, like that of the Polyergus (see Part IV, 
Ch. VII, 2), admits,” says Vosseler, “of neither fear nor 
flight. Every creature that moves and has a heart that 
beats—be it large or small—is attacked by the Siafu with 
savage fierceness and blind, impassioned gluttony. This is 
literally true, for the Axomma are actually blind. The 
8, 2, and 9 have no eyes (their Greek name, duomma, 
means ‘eyeless’: Forel). ‘This fact renders the habits of the 
community and of each of its individuals still more wonder- 
ful than they are on their own account. Nevertheless, the 
Siafu seem to be delicately sensitive to light and dark, and 
therefore may be credited with a kind of light-sense. When 
a shadow falls upon an army marching in broad daylight, 
it soon grows uneasy and sends out emissaries. The ease 
and certainty with which the Siafu ant-population finds its 
bearings at relatively great distances, the regularity and 
order which prevail in its march along the roads, its changes 
of direction and deviations, the hunting of its victims and 
their quartering and removal, the pursuit of foes and 
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fighting with them, etc.—how all this can be accomplished 
by blind creatures is difficult to imagine. As is so often the 
case under such circumstances, the absence of sight seems 
to be compensated by a correspondingly greater develop- 
ment of the other senses, especially those of touch and smell. 
These sensory faculties, combined probably with a specially 
strong sense of direction, enable the Siafu to construct 
roads which in the most unsatisfactory districts may diverge 
as far as 10 or 16 metres from each other, to re-unite 
between so and 100 metres farther on; this enables in- 
dividuals which have been separated a distance of 3 or 
4 metres from the mass, whether by violence or not, to 
find their comrades safely once more, even in spite of the 
wind. 

The fineness of their noses—in a figurative sense— 
renders the Siafu an inestimable service in the pursuit of 
their prey. At a considerable distance they perceive a 
scrap of meat which has been left in their domain. By 
means of a kind of intelligence or police service (antennal 
language: Forel), every individual is promptly instructed in 
any matter of interest to the whole family. Every disturb- 
ance in a column is immediately announced to the whole 
army, in front as well as behind, so that all round the 
threatened area the whole troop gathers instantly to 
strengthen the common defence. We can scarcely expect 
flashes of tender sentimentality in the minds ofa fierce race of 
brigands like the Siafu. At the same time we cannot but 
admire the indomitable courage with which one for all and 
all for one in the ant-world will unconditionally sacrifice the 
individual life for the sake of the colony. The rapidity and 
good-will with which all the 8 work to assist each other 
and share in every kind of labour—in a word, the high 
development of a mind entirely concentrated on the social 
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well-being of the community, cannot fail to fill us with 
amazement.”’ 

Indeed, after reading the above admirable description by 
Vosseler, which is as lively as it is fascinating and withal 
scientifically exact, we human beings, full as we are of 
cowardice, hypocrisy and bluster, can only bow our heads. 
But at this juncture certain important questions arise. 
Other authors have declared that monkeys, parrots and 
even large animals, when confined in cages or otherwise, 
are often killed in the night by the 4zomma and reduced to 
skeletons by the following morning; these statements con- 
firm those statements of Vosseler. 

But what happens in the case of man himself? Like the 
large animals, he is not slow to run away when hé is free and 
has the use of his hands to enable him to rid himself of the 
first Siafu which show an over-hasty anxiety to bite him. 
But I have read somewhere that if certain negroes wish to 
be revenged on an enemy, they will bury him up to his 
neck, covering his hands and feet, in order to have the 
savage pleasure of seeing him bitten by the Siafu and killed 
by inches as they gnaw his head. There is nothing 1m- 
possible about this, and in view of the mentality of the 
negroes and of the Axzomma, it is even quite probable. 
Nevertheless this story needs proper confirmation. 

A second question which has long engaged my attention, 
and which Vosseler has now answered is this: How can an 
insect entirely without composite eyes and ocelli go 
hunting in the broad daylight and open air? Anomma is 
generally brown or black in colour, not yellow like Dorylus 
or the Eciton species which have no eyes and which hunt 
underground. Here I will refer the reader to Chapter I of 
Part II. One solution of the problem is that the topo- 
chemical sense of the antenne is unusually well developed 

02 


190 THE SOCIAL WORLD OF THE ANTS 


in Anomma, and that this development is combined with an 
extremely correct instinct for discipline in its expeditions, 
similar to that of Po/yergus. Or it may be that certain 
photodermatic sensations (perceptions of the intensity of 
light through the chitinous surface of the skin, that is, by 
its nerve-terminations) supplément the information pro- 
vided by topochemical smell and antennal language which 
are finely described by Vosseler. My own experiments in 
former days proved that ants perceive with their composite 
eyes even the rays which we call ‘ultra-violet’ and which are 
not visible to us men. But these experiments did not 
exclude the photodermatic sensations that are known to be 
present in a number of the lower animals which have no eyes. 

Long before the time of Vosseler, Savage (1874) 
described the habits of 4nomma. ‘“They come out,” he says, 
“at night or on cloudy days. When they are detained by 
the quantity of their prey till late in the morning of a sunny 
day, they protect themselves by constructing arches of dirt 
agelutinated by a fluid excreted from their mouths. 

When migrating, an arch is constructed of the bodies of 
their largest class (soldiers)... Whenever an alarm is 
given, the arch is instantly broken, and the ants, joining 
others of the same class on the outside of the line, who 
seem to be acting as commanders, guides and scouts, run 
about in a furious manner in pursuit of the enemy. If the 
alarm should prove to be without foundation, the victory 
won or the danger passed, the arch is quickly renewed, and 
the main column marches forward as before in all the order 
of an intellectual military discipline (innate, instinctive, we 
ought to add, without any previous drill: Forel).” 

Savage divides the Anomma ¥ into three classes: (1) the 
2| (fig. 107 C’) which are adapted to defence and attack and 
have mandibles with pointed teeth which enable them to 
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cut through an enemy’s skin, hold the creature firmly and 
sap its strength; (2) an intermediate class of medium size 
(fig. 107 D, but often larger than the one shown in the 
figure), with less convex mandibles bearing well-developed, 
oblique teeth, whose function is to tear and cut up prey 
rather than to assist the 21 ; (3) small 3, with mandibles like 
those of the medium-sized ones, whose principal duty is to 
fetch and carry. At times, however, the réles of these three 
classes are interchanged. 

Savage saw a legion of Anomma encamped on a tree. 
From the lower branches, more than a metre high, there 
hung festoons of ants, an inch thick, reaching down to the 
plants and ground below. He saw one of these festoons in 
the act of formation. One after another, the ants came down 
‘from the top to the bottom, stretched their long legs, 
opened their mandibles wide, and fastened themselves to 
their companions, thus making the chain longer and 
longer until the bottom of it touched a broad canna leaf. 
The festoon swung in the wind, and the ant at the end 
strove in vain to get hold of this leaf. Presently Savage saw 
a 2| climb up the leaf from below and fix his hind legs with 
the apex of the abdomen firmly upon it, beneath the vibrat- 
ing column formed by its companions, which it seized with 
its wide-open mandibles, aided by its hind legs. ‘Thus was 
completed what Savage calls ‘the most curious ladder in the 
world.’ Living chains such as these are used as a means of 
passage for an army, and also, as we have seen, to form a 
bridge for crossing streams. 

Apart from the animals mentioned above, Savage says 
that Auomma attacks Python natalensis, the largest serpent 
in Africa, when gorged with prey, and cuts it up; it enters 
houses and attacks and destroys all vermin, including mice 
and rats. On certain occasions—rare it is true—their 
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visits may even be desirable. In that case, it is possible to 
save oneself by standing the feet of a bedstead in vinegar; 
this device is successful if the rooms, or at any rate the upper 
storeys, are well ceiled. Otherwise the ants will fall upon us, 
as on their noxious prey. If we destroy large numbers 
with boiling water, or bar their passage, they will abandon 
their project in despair, and explore some more congenial 
place. When they are fairly in, we leave the house at their 
disposal, apart from our beds and chairs, and await their 
pleasure; we may then have cause to be grateful for their 
services. 

Savage tells us that 4zomma love fresh meat and fresh oil 
but they will leave milk, sugar, pastry, and unboiled salt 
meat. Hence it is not true that they ‘devour everything 
eatable,’ as some writers have stated. 

Anomma is unquestionably the most interesting of the 
visiting ants, and is only found in tropical Africa. Fig. 
107 A represents the ¢ of 4. nigricans, whose 2| and ¥ are 
shown in C, Dand E. This 3, with its large eyes, can some- 
times be seen on the march during migrations. Fig. 107 B, 
represents the enormous blind 9 of 4. Wilwerthi. ‘The 9 
of A. nigricans is smaller. All these figures are slightly less 
than twice the natural size of Auomma. The 2| and 8 of 
A. Wilwerthi are slimmer than those of nigricans. The 
pangolin, a mammal with a scaly covering, feeds on ants, 
even Anomma; | have described how 4. opacus was taken 
from the stomach of one of these animals. All the 4zomma 
@ are blind and, like the 9 of all the Doryline, they have no 
wings. 

In 1912 the German Vice-Consul, Schultze, sent me 
from Entebbe in Uganda, East Africa, some Anomma 9 
which he had taken, together with their brood, from the 
middle of their nest, or rather the lair of their robber 8 and 
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2|, with considerable difficulty. These ants are accompanied 
in their migrations by their numerous guests or satellites of 
all kinds, which we discussed in Part II. 

We must now pass on to other robbers which are more 
secretive if not more modest—Dory/us—and its sub-genera 
Typhlopone and Rhogmus. They are just as carnivorous and 
just as blind as Azomma, but they are yellow in colour and 
their much shorter mandibles are toothed, like those of the 
small and medium-sized Auomma 3. They have no distinct 
21, but only large $ and they always hunt underground. 
often under sand, as we saw in Part IV, Chapter III, sec. 4, 

In 1889 I myself observed at Sfax and the oasis of Gabés, 
in Tunis, the forays of Dorylus (Typhlopone) fulvus. At Sfax 
I only saw their results in the form of a number of corpses 
of Cremastogaster and Dorylus 3. But in 1890 I gave the 
following account of my Gabés experiences to the Congress 
of German naturalists at Bremen: 

In April, 1889, I had the opportunity of observing a 
D. fulous (juvenculus) army which was carrying on an 
active war with beetles underneath a stretch of well-manured 
ground (Staphylinids, Aphodius, etc.) in exactly the same 
way as that described by Bates and Belt in connection with 
the American Eciton, save that as a rule Eciton hunts in the 
open air. When I put the whole collection of insects into 
a box and took it away with me, violent attacks on the part 
of the Dory/us against the others continued to take place even 
inside the box. I owed the discovery of these Dory/us to an 
old Arab who had sought my medical advice for a young 
negress, his slave. The wife of an Algerian guide after- 
wards told me how in June, 1888, a crowd of large ‘bees’ 
(Dorylus 3) had come out of the interior of her house with 
some yellow ants, during a few days only, and had eventually 
flown away. These facts prove that Dorylus hunt and 
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build nests underground, in a secretive fashion, and are 
only seen at the period of the flight of the males. 

I printed this account in detail in the journal Humboldt 
(Vol. IX, No. 9, 1890). For instance, some Dorylus seized 
hold of a number of Aphodius under my very eyes, and tore 
them to pieces in a rage; their antenne were in perpetual 
motion. They were not in the least disconcerted by my 
interference, but they bit with all their might. Santschi, 
in 1908, confirmed my guide’s statement. In a Tunis dye- 
works, one afternoon, at about 4 o’clock, he found a large 
D. fulvus formicary, whoseg swarmed in hundreds and spent 
six consecutive days in setting out on the wing. The dyer 
assured him that he had noticed the same thing happening, 
at the same season, about four years before. This, says 
Santschi, would seem to indicate that certain Dorylus may 
sometimes inhabit the same nest for a long time, instead of 
emigrating. Marshall and Brauns affirm that the ¢ of 
Rhogmus fimbriatus and Dorylus brevipennis are driven from 
the nest by the § over a period of several days, and Wheeler 
assumes that this isso. It has been suggested that the males 
are adelphogamous, but in that case, what can be the pur- 
pose of their large eyes? 

In 1880 my old school-friend, Paul Berthoud, who 
became a missionary at Valdezia in the Transvaal, South 
Africa, collected some interesting ants for me, including a 
specimen of Dorylus helvolus, which he sent me accompanied 
by the following letter: 

“‘T had often heard of these ants in Valdezia; they were 
said to be in the habit of invading houses by night in 
serried ranks, and never to pass over a man’s skin without 
biting it; it was also said that one had to resort to strong 
measures to drive them away (by thoroughly cleaning out 
their haunts, etc.). However, I had never seen them until 
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one evening my wife called me to her assistance, declaring 
that some little creatures were running over her legs and 
eating her. I ran to the spot. It was in the pantry, and there 
on the floor, level with the ground surrounding the house, 
the ants formed a compact mass. I had them swept away 
and removed as speedily as possible, placing the most 
attractive cluster in the flask which I send you.” 

Berthoud wrote to me later on in connection with another 
and similar case; he had been wakened one night by the 
cries of their child, whom he and his wife were only just 
in time to save from the bites of the Dory/us, out on a hunting 
expedition. It is a very curious thing that neither Santschi 
nor I have seen or heard anything comparable to this in 
either Tunis or Algeria. It seems, therefore, that in this 
region D. fu/vus does not go hunting in houses, although it 
lives in them. 

In India, morever, the Dorylus of the sub-genus Alaopone 
(D. orientalis) appear to be herbivorous, not carnivorous. 
According to Green, they eat the bark of trees and various 
tubers, such as potatoes. This statement requires con- 
firmation, though Green is a good observer, for, if accurate, 
it forms the only known exception among the Doryine. 
I know of no observations on the habits of the sub-genus 
Rhogmus of Africa, apart from the fact that Marshall 
discovered the nest of Rhogmus fimbriatus with a 9 and a few 
g, not to mention the §. The habits of sub-genus 
Dichthadia, of the Sunda Islands, are equally obscure. 

With regard to the nuptials of Dorylus and Anomma, 
nothing positive, so far as I know, has yet been observed. 
The 3g fly away; but wheré they go, and where and how they 
attain their wingless Q, is still a mystery. 

Thus we come to the second tribe, that of the Ecitini. 
Allthe Ecitons and their sub-genera live in America. Fig. 108 
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represents, beginning from 
the top, three worker-stages 
in Eciton hamatum; their 
mandibles grow longer as 
their bodies grow larger, 
until finally they are like 
those of the 2| drawn in 
profile in the fourth line, 
at the very bottom. Fig. 
3 B, in Part I, gave a front 
\, view of these curious man- 
dibles, which form two 
long, narrow, toothless 
hooks, incapable of biting 
except with their sharp, 
Fig. 108 inward-curving point. 
Mandibleslike this areonly 
present in a few Eciton species; most of them have no 
distinct 2|. Several species have a large ocellus on either 
side of the head, replacing the ordinary composite eye 
(Fig. 108 and Part I, Chapter III). 

In 1863 Bates, in The Naturalist on the River Amazon, 
gave us our first precise account of the habits of Eciton, or 
the Taucca of the Indians. He took ten species, each 
with some peculiarities in its habits. E. rapax, the giant of 
the genus, has no distinct 2|, and its armies, which are not 
large, consist each of a single file of workers. According to 
Bates they seem always to attack the same specimen of ant, 
probably a Camponotus, which they tear to pieces and eat. 
E. (Acamatus) legionis is small, but it moves about in broad 
daylight in columns of thousands. Bates saw it attack the 
nest of a large Camponotus, killing and quartering the in- 
habitants and the brood under his very eyes, and even 
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snatching them from his fingers when he had broken into 
their nest with his spade. In two hours’ time they had 
ravaged everything and killed, quartered and carried away 
all their prey, as 4zomma will do. Bates thinks that the 
hooked mandibles of the 2, of E. hamatum are only used to 
wound the stomachs or tongues of ant-eating birds and 
mammals. This is very likely, and I myself formed a 
similar hypothesis with regard to Macheromyrma and the 
spines of Polyrhachis, without knowing anything about his 
species; but, all the same, I think that they may have other 
functions similar to those of the Azomma 2. 

Bates tells us that E. hamatum marches in dense columns, 
consisting of countless thousands of individuals, followed by 
birds. Ifa man goes near them they climb up his legs and 
bite furiously, so that he has no alternative but to escape. 
They hunt in the thickets of the tropical forest, and where- 
ever they pass we find alarm and flight in the animal 
world, especially among spiders and wingless insects, ants 
of other sub-families, etc. Like 4nomma, they do not climb 
high. ‘The principal column forms a front 4 to 6 metres 
wide and clears the ground of all animals, living or dead, 
meanwhile sending out small lateral columns upon its 
flanks, to forage. If, for instance, it should discover a 
decayed tree-trunk full of larve or some other likely object 
it stops, closes its ranks, penetrates every corner and tears 
to pieces every living thing, as dzomma does, and with no 
less fierceness. It even attacks carton wasps’-nests, built on 
bushes. The ants tear the carton and drag out the nymphs 
_ of the wasps and pull them to pieces, heedless of the anger 
of the adult wasps, which’ fly all around them and would be 
killed themselves if they ventured to settle. The dissected 
fragments are divided among the % according to their size, 
the smallest § carrying off the minutest pieces; dele: Al. 
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however, take no part in this. Bates was never able to find an 
Eciton nest, and never saw this species except on the march. 
Nevertheless, in a corner of the forest, pierced by the sun’s 
rays, he saw them resting, brushing and combing each 
other’s limbs. 

Eciton predator does not march in columns, but in a 
thick phalanx consisting of myriads of individuals, which 
even climb on to the leaves of bushes. Bates tells us that 
these phalanxes occupy about 5 square metres, and, viewed 
from near at hand, consist of several columns. 

Eciton® crassicorne sometimes builds vaults—when, for 
instance, it has to cross an uncovered road. Bates describes 
the arches made of dirt (like those of duomma) by Eciton 
which are totally blind. Here it seems to me that the 
deplorable descriptions of F. Smith led Bates to confuse 
E. cecum and E. predator. 

Belt, in The Naturalist in Nicaragua, 1874, completes the 
picture. He says that the greatest catch of the Eciton is to 
get amongst fallen brushwood. Instead of running right 
away, cockroaches, spiders, etc., would ascend the branches, 
whither the ants follow them, and lay siege to their base, 
—eventually killing them all and pulling them to pieces, 
with the exception of a few spiders, which, more wily 
than others, let themselves fall halfway down and hang by 
threads. Being artful and wary, morever, these spiders 
foresee danger and flee to a great distance without stopping, 
instead of hiding directly the first wave of excitement is over, 
as insects do. Nevertheless, Belt saw a green grasshopper, 
a perfect imitation of a green leaf, remain quite motionless 
amid some Eciton, which did it no harm. He even managed 
to take it and place it on the ants, without causing it to 
make any movement. The Eciton did not perceive it, either 
by sight or by smell. Perhaps we have here an indirect 
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confirmation of paroptic vision, for Eciton predator, the 
species in question, has only two very small eyes which are 
almost atrophied! By this means, the grasshopper was at 
the same time instinctively protecting itself from the 
thrushes which follow the Eciton, not for love of them, but 
in order to snap up the prey that flees before them, as 
Bates and Belt have shown. 

Belt saw only one other ant, a very peaceable and cowardly 
Dolichoderus, being attacked by Eciton (E. hamatum). They 
did these ants no personal harm, as all they wanted was 
their brood, which they cut to pieces while plundering the 
nest. Belt regards the 2| of E. hamatum as officers directing 
the march of the column; hence he agrees with Savage and 
Vosseler in all matters concerning the Axomma, and 
not with Bates. Probably a combination of both views 
would give us the truth. Belt furthermore -believes that 
Eciton sometimes attacks birds’ nests as it does wasps’ nests. 
This author also experimented with the trail of Eciton which 
were following one of their scouts on dry clay. He removed 
part of the clay bearing this trail, upon which the Eciton 
stopped on both sides and wandered round in circles until 
they found the scent by swerving to the other side of the 
gap. They immediately recovered their confidence and 
went forward again. 

Belt was the first to discover a provisional Eciton nest, the 
species being E. hamatum; he did not think that it had 
endured for more than four or five days. These nests are 
made in hollow trees, and sometimes underneath large 
fallen trunks. He saw one about a cubic yard in bulk, con- 
taining hundreds of thousands of individuals, huddled 
together in a living ball pierced with tunnels, also living, 
which provided passages for the 9 laden with pupe or prey. 
Belt thrust his stick through one of these clusters, and when 
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he drew it out $ laden with larve and pupe were hanging 
from it; and he found that he could be severely bitten by 
the 2}. The removal of the whole colony, which may in- 
clude a million individuals or more, is directed by the 2. 
On either side of the column of workers, bearing their brood, 
2, march in front and behind, to preserve order. According 
to Belt, the distance between the old station and the new 
may amount to 200 or 300 metres; but he discovered no 
Eciton § or g. 

Belt made some more experiments, however ; for instance, 
he put a pebble on the back of a , and admired the per- 
severance with which her companions strove to free her 
from it. He noticed the signals of the antennal language, 
and the manner in which the § thus called for help and 
succour. But it seems to me that Belt confuses instinct and 
individual memory. Here I will refer the reader to Chapters 
Tand II of Part Il. Finally he compares the social system of 
mutual help among ants with Sir Thomas More’s Uropia. 

For the first identification of the Eciton § with their 9, 
we are indebted to Hetschko and W. Miller. Before their 
time the two forms were attributed to different sub- 
families, owing to the fact that the $ has two joints to its 
pedicel and the g only one. But the decisive biological 
observations were made by Miiller. A few days before, some 
Eciton Burchelli had invaded and stripped the house of his 
brother, the famous Fritz Miller, at Blumenau, Prov. Sta. 
Catharina, Brazil. On February 28th, 1885, at 9 o’clock, 
W. Miiller saw a serried column of these Eciton bearing 
their brood, including woven cocoons, larve, etc., in the 
garden. A few paces away the column settled on the 
branches of a newly-felled tree. W. Miiller examined the 
tree thoroughly and discovered in it a great legion of 
Eciton, with all their brood; they were all heaped up in 
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large bundles in the open air, almost like those mentioned 
by Belt, but divided into three and provided with a surface- 
covering of 2|, the & and the brood being inside; the larve 
were mingled with the woven cocoons. But by 10 o’clock 
at night the scene had changed: a powerful Eciton column 
laden with brood had set out on the march, and began very 
hurriedly to migrate. At 11 o’clock W. Miller returned 
and saw hundreds of Eciton pass by in one minute, similarly 
laden. 

Next day, the first of March, at 6 o’clock in the morning, 
the migration was still continuing, though it was slackening; 
at 7 o'clock, a few more larve passed by; then all was over. 
The column of Eciton climbed up a slope covered with 
ferns in the undergrowth of the forest, and 200 paces 
further on came to the hollow of a fallen hollow tree, into 
which they poured with their brood. From this spot 
Miller saw another column of Eciton, this time without 
brood, but laden with prey and arriving at the nest from the 
opposite direction. On February 28th, therefore, there had 
been but a single temporary halt during the day, and this 
was a migration which must have begun on the 27th. 
But the nest at this halting-place still contained brood; in 
the evening of March Ist some Eciton, checked by the sun, 
took up the rest of their brood in order to carry it to the new 
nest. It was at this moment that Miller found among the 
Eciton an E. Burchelli $, accompanied by two © which were 
driving it along. This g was slightly wounded, and had 
only the stumps of the wings. Thus it was that Muller 
proved the identity of the ant formerly known as Lciton 
Foreli (Mayr) with Labidus Burchelli Westwood! 

Miiller also found the nymph of a small ergatomorphous 
(wingless) g of Eciton Burchell, which he sent me to 
dissect. He followed the peregrinations of these ants until 
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March 17th, but could not discover the §. After 
Hetschko, several people, including Wheeler, succeeded in 
finding the $ and & of Eciton together. 

André (1885) quotes a passage from Bar, who once, 
when he was near Cayenne, met a column of Eciton hamatum 
crossing a column of Arta cephalotes (leaf-cutting ant) by 
passing over it on a piece of wood, which served as a bridge. 
Bar says: 

“A malicious idea entered my head—to remove 
the piece of wood on which the Eciton were passing. 
A terrible confusion ensued. The individuals with long 
mandibles (21), which seemed to have some kind of author- 
ity, turned hither and thither, from~one side to another; 
the others stopped in front of the obstacle presented by the 
Atta. But, by a happy chance, a small piece of wood, as 
large as the shaft of a feather, was revealed a few centimetres 
away, and advantage was taken of it. It was too thin and the 
passage was too narrow, but this obstacle was quickly 
overcome. Ten, twenty, fifty individuals clung to either 
side of it, in two rows, and thus the path became wide 
enough to enable the column to pass over a living bridge. 

But the curiosity of the entomologist is insatiable. I 
destroyed this new bridge to see what limits there would be | 
to the courage and intelligence of the one species and the 
perseverance and tenacity of the other. This meant fresh 
confusion! Unfortunately there was not another piece of 
wood in the neighbourhood to replace it. The confusion 
increased: a compact mass of Eciton found itself at a stand- 
still before the column of Atta, which it had to cross under 
pain of seeing its line broken. This it did resolutely, and 
the disorder reached a climax. The largest Ata continued 
to cross, but the smaller ones were knocked over, and their 
bodies lying upside-down formed still another obstacle. 
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Finally, our Eciton made a supreme resolve. Suddenly, as 
though at a given signal, a multitude of individuals, over an 
area of 20-30 millimetres, flung themselves to the ground 
and clung to the soil with their long legs, arranging them- 
selves in several rows; others mounted on their backs to 
form a second and then a third storey, and two walls were 
thus formed simultaneously, 5 or 6 centimetres away 
from each other. The column then passed over in triumph, 
while the 4¢ta scattered in every direction, unable to rally.” 

It was I myself who discovered the first fertile Eciton Q 
alive in her nest. At the end of July, 1899, I found time to 
examine at my leisure a pine-wood in North Carolina, 
U.S.A. There I discovered in a decayed trunk the nest, or 
rather provisional camp, of a colony of the small Eciton 
(Acamatus) carolinense. ‘This species is blind, and its nymphs 
are naked, as I was able to prove. The trunk was literally 
impregnated with Eciton 3, to a distance of 3 centimetres 
above the soil and the same amount below. Making up my 
mind to find the 9, I ruthlessly destroyed the whole tree- 
trunk from top to bottom with my chisel, spreading all the 
brood round me. I was beginning to despair, when, among 
the wreckage, I caught sight of a large live creature moving 
among the pygmy ants. This was the 9 of my search, the 
mother of the rest. I jumped with joy. This Q had an 
enormous abdomen, but no eyes or wings, and she could 
scarcely walk. The Eciton nest had neither chambers nor 
galleries; the ants with their brood had simply made their 
way into the rotten substance of the old trunk. I gathered 
many of them into a bag, in order to use them for some 
experiments. Directly the $ came ‘out of the bag, scarcely 
five minutes later, in a strange place—a garden in Washing- 
ton—they managed to act on a concerted plan, form files, 
follow one another swiftly and find their way to explore the 
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grounds together. I have never seen such a thing happening 
with any other ants, and I was thunderstruck. 

Apart from this, I have had no opportunity of studying 
Eciton in America. I met one column of E. hamatum and 
one of E. Burchelli, undoubtedly on the march, but bearing 
neither brood nor prey: no birds were following them, no 
insects fleeing before them, and they made no attacks, but 
rather appeared to be strolling about in dolce far niente. 
The E. hamatum were even driven back by some 4zzeca, 
which sprinkled them with poison from their anal glands. 
Similarly, all that I could personally discover about FE. 
predator was that it had arches built with earth. 

Dr. Bruch, of La Plata, wrote me-that he had observed 
an army of large Eciton quadriglume attacking some Me/lerius 
Silvestri. ‘The Mellerius emerged in a mass and defended 
themselves bravely, seizing a large number of Eciton by the 
legs and pinning them to the ground. Hundreds of Eciton 
were checked in this way. Then night fell, and Bruch was 
unable to continue his observations. He had also discovered 
the large 9 of Eciton (Acamatus) Strobel and that of Eciton 
(Labidus) predator—both of which he has described and 
depicted in his Estudios mirmecologicos (1921). More recently 
Wheeler, in Guiana, found the queen of Eciton Burchell, 
entirely covered over by a legion of workers. 

Schmitt (and Wheeler after him) found more Eciton 9, 
some even in company with the g. Wheeler has made some 
interesting observations on various Eciton. He saw the g 
of E. Schmitt flying away alone, like the ¢ Dorylus in Tunis, 
and proved that the E. cecum $ is very fond of eating nuts. 
I, like Wheeler, only saw this species underground, and 
could not find its nest. Prof. Bugnion brought me from 
Venezuela specimens of Eciton crassicorne which were 
having a furious fight with some Cephadotes atratus, against 
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whose hard carapace their mandibles and stings were 
powerless. I suppose they coveted the Cephalotes brood. 
As early as 1868 Sumichrast had made some excellent 
observations, similar to those mentioned above, on the 
Mexican Eciton. 

Nothing is known about the habits of the Cheliomyrmex of 
America or the Aenictogeton of Africa. 

Next comes the genus 4enictus, which is common in 
Asia, Africa and Australia. My friend Wroughton, in 
1892, was the first to discover their 3 being driven from the 
nest by the 9. This destroyed the myth of the genus 
Typhlatta, which Smith founded upon the § alone, and which 
proved to be a simple synonym for Aenictus. Wroughton, 
who has observed Aenictus in India, declares that their 
habits are much less subterranean than those of Dorylus. 
They bear their prey, so he tells us, exactly as the Ponerinze 
do, and their military organization is perfect. Their diminu- 
tive size (scarcely 2 or 3 millimetres, rarely more) prevents 
them from allowing their discipline to slacken. That is the 
reason why a column of 4enictus, with a front of five or 
six 9, whatever its length may be, never shows the least 
irregularity. The Aenictus have no scouts. The %, which 
are all of the same size in every species, march in a long, 
swinging trot, until they discover some little crevasse or a 
subterranean ant-nest, which they invade until no more 
ants can enter; the rest then go in search of other prey. 
Sometimes the column turns off at an angle and changes its 
direction, but Wroughton never saw it grow weaker or 
break up into several files. It is obliged always to be strong 
enough to fight any other ant-community it may meet. 
Nevertheless, Wroughton saw a strong column of Aenictus, 
on the march towards a termite-dome, detach columns on 
its right and left flanks to invade this dome from different 
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sides at the same time; manceuvres like this, he observes, 
give the impression of being preconceived or commanded. 
Aenictus is entirely without eyes. 

Brauns, in Africa, has made observations similar to those 
of Wroughton. He says that denzctus avoids the light of 
the sun to a much less extent than Dory/us. At dusk, or on 
a rainy day, sometimes even in broad daylight, they will 
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march for a long time in the open. Their files resemble 
those of Avomma in miniature. Their columns are very 
regular, in Africa as elsewhere. Brauns saw them carrying 
their brood between their legs in the manner of the 
Ponerine, and I may add, of Polyergus (see fig. 106 4 in 
Part IV): I have made the same observation with Eciton 
carolinense. 
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Finally, we come to the last of the pygmy tribes, the 
Leptanillini. This genus Leptanilla, discovered in Corsica 
by Révéliére and described in 1870 by Emery, who also 
proved that it belonged to the Dorylinz, possesses, with 
Oligomyrmex, the smallest, and more especially the thinnest, 
ants known anywhere in the world. Their blind 8 are about a 
millimetre long, and extraordinarily narrow. Fig. 109 repre- 
sents in 4 the winged § with his large eyes, thin head and 
wings without neuration, in B the blind and apterous Q, 
which has only one joint to her pedicel, and in C, the worker, 
which, like Eciton and Aenictus, possesses not only a petiole, 
but a distinct post-petiole, entirely separate from the 
abdomen. 

They were discovered hidden under stones or amongst 
dry leaves; the d were taken by lamp-light, and discovered 
by Santschi in Tunis. One species has been found at 
Singapore. 

Everything points to the belief that the Lepranil/a hunt 
the most minute live creatures, such as mites. 

There, friend reader, we at last bid farewell to the wars 
waged by ants, and also to their nomad and sanguinary 
tribes, and turn our attention to the peaceful industries, 
agricultural and otherwise, that are carried on by certain 
tribes of our little friends. 


Chapter II 
THE GRANARIES OF HARVESTING ANTS 


Whether you are a believer or an unbeliever, dear readers 
and it is immaterial to me, I beg you to peruse the following 
passage from the Bible, Proverbs, Chapter vi, 6: “Go to the 
ant, thou sluggard; consider her ways, and be wise; 
which, having no guide, overseer, or ruler, provideth her 
meat in the summer and gathereth her food in the harvest.’ 

And then again, Chapter xxx, verse 24: “There be four 
things which are little upon the earth, but they are exceeding 
wise; the ants are a people not strong, yet they prepare 
their meat in the summer (the coneys ... the locusts... 
thegspider. =) 

Solomon saw more clearly than certain scientific men, 
who were prejudiced, and would not believe that the ants of 
Palestine were distinguished by their habits from those of 
their own countries. Emery has shown, moreover, that it is 
not for their almost non-existent winter, which they do not 
spend in sleep like our species, that the harvesting ants 
gather seeds in their granaries, but for the dry, hot season in 
which they can find nothing to eat. 

Furthermore the writers of antiquity, Hesiod, Horace, 
Virgil, Plautus, etc., have made many allusions to the 
granaries of the harvesting ants, and Claudius Aelianus 
(De Nat. Anim.) even gives an excellent description of their 
habits. But here, you see, the human mania for generalizing 
everything that is observed has caused the northern authors 
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to generalize septentrional winter sleep, and the southern 
authors to generalize harvest-granaries, as peculiarities of all 
ants. In 1747, however, Gould saw the truth of the matter, 
and predicted that ants of hot and cold countries would 
prove to have different habits. This was very well expressed 
in 1873 by the English writer, J. Traherne Moggridge, in 
his book Harvesting Ants and Trap-door Spiders, wherein he 
gave us the first scientific biological study of the harvesting 
ants, which he studied at Mentone, in the South of France. 
In Europe, this speciality is represented chiefly by Messor, 
discovered by Moggridge, Oxyopomyrmex and Goniomma; 
in America by Veromessor and Pogonomyrmex; in Asia by 
Holcomyrmex and Pheidologeton; and lastly, everywhere by a 
number of Phezdole and a few Solenopsis and other genera, 
all of which, apart from one or two exceptional cases, belong 
to the Myrmicing. Sykes (1829) and Jerdon (1851), in- 
vestigating in India, were the first modern naturalists to see 
ants dry the seeds they harvested. 

At Mentone, Moggridge observed three species of harvest- 
ing ants; two varieties of Messor barbarus, in which the head 
of the large 9 is black and red respectively, Messor structor 
and Pheidole pallidula. He conducted his observations, 
especially those on Messor, in a valley near his home, between 
October 29th, 1871, and May 4th, 1872. For instance, 
a double file of Messor appeared travelling a distance of about 
22 metres, between its nest and the wild grounds which 
were full of troublesome grasses, some barren, others laden 
with ripe seeds which were falling, their capsules still green. 
One & climbed up the stem of a plant, a lavender, let us say; 
there she chooses a calyx whose base seems ready to let the 
seed fall at the first tremor. She then seizes the stem of the 
calyx with her mandibles, sets her weight upon her back legs 
as upon a pivot, and struggles to saw through the fibres of 
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the stem, working all round it until at last it is detached. She 
then takes hold of the detached calyx and walks patiently 
down the plant with her often heavy and cumbrous 
burden, crosses other stems and regains her companions 
as they return to their nest. It is one of these ants 


Fig. 110 


that you see faithfully represented in fig. 110: She is 
carrying a seed, still covered by its husk. In 1883, at 
Chateau d’If, near Marseilles, 1 myself made observations 
upon Messor barbarus similar to those of Moggridge. This 
author never saw Messor cut off the stem of the seeds simply 
and cleanly. On the other hand, he saw two § combining 
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their efforts, one sawing and gnawing the stem at its point of 
maximum tension while the other turned the calyx round and 
drew it towards her. As early as 180 a.p., Aelian gave a 
similar account of the way in which Messor detaches from 
their bases the husks of all the seeds of an ear, in order to 
bring them down and bear them to her nest. 

On examining carefully the materials collected in this way 
by Messor, we find that the great majority of the 8 bear 
back to the nest various kinds of seeds which they have 
either plucked as we have just seen, or found where they had 
already fallen. Some, however, bear other mixed materials ; 
a dead insect, a broken shell, the corolla of,a flower, a chip of 
wood, a leaf, etc. Here I may add that the seeds whose 
stems are sawn through by Messor are not always ripe ; | 
have seen them bring back some which were still quite green. 
When they make a mistake and bring objects of no nutritive 
value, their companions throw the fruit of this useless toil 
out of the nest, or force them to throw it out themselves. 

In this connection, Mogegridge made the following 
experiment to find out whether Messor could really be de- 
ceived, like the generality of mortals; he took with him a 
small packet of white china seeds, which he sowed about the 
path of the Messor. Sure enough, a minute later a large § 
seized one of these, after much effort, lifted it and returned 
quietly to her nest with her burden. Others tried to do the 
same, but in vain, and they presently perceived their error 
and left the china seeds alone, refusing to touch them any 
more. Moggridge often amused himself by scattering near 
the Messor nest seeds of hemp, oats, etc., of which they are 
very fond, and watching-how eagerly they picked them up 
and carried them to their nest. Next day. he was interested 
to find the empty coverings of these grains on the kitchen 
midden which covers the dome of the nest. Sometimes, after 
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a shower, the Messor may be seen dragging out of the nest 
any seeds which are beginning to germinate, and leaving 
them to dry in the sun. 

All round the dome and the refuse-heap, Moggridge tells 
us, we frequently see plants grown which are altogether 
strange to the ordinary monotonous flora of the wild ground. 
They have sprung up accidentally from seeds brought from 
a distance by Messor, sometimes, for instance, from a culti- 
vated terrace on which lemon-trees are growing. ‘These 
patches of foreign vegetation reveal from afar the presence 
of a Messor formicary. Sometimes the rain washes away seeds 
of this kind into the miniature ruts or cracks in the rocks, 
where you afterwards find them growing. 

Messor barbarus and structor construct no masonry domes. 
They content themselves with digging in the earth which 
they then throw out in the form of a crater, whether mixed 
or not with the refuse of their granaries, including the 
empty capsules. These craters and heaps of refuse may 
attain considerable dimensions wherever they are not dis- 
persed by the wind and rain. While some of the $ are out 
foraging and harvesting, others are working in the nest, 
cleaning seeds and throwing all that is useless among the 
refuse. 

Moggridge thus became convinced that under the 
Messor nest there must be stores of seeds, in other words, 
granaries. His first attempt at digging them up was vain, 
for he found nothing. He then dug into another nest 
stretched on a rock in a long horizontal line. This time, a 
short distance down, he found a granary in the form of a 
horizontal and more or less cylindrical gallery, very neatly 
laid out and full of amaranth seeds, black and shining like 
gun-powder. The floor of this granary was different from 
the surrounding soil, for the ants had lined it with grains of 


GRANARIES OF HARVESTING ANTS 213 


flint and mica. On looking at it closely, moreover, Moge- 
ridge found not only amaranth seeds, but those of eleven 
other species of plants, belonging to seven families, in the 
various granaries of this single formicary. These granaries 
were situated from -5 to -6 inches below the surface of the 
ground ; they were all horizontal, and on an average each 
was as large as a watch. 

Though they were all damp, none of these seeds showed 
the slightest trace of germination. Between October 29th 
and May sth Moggridge thus gradually gathered seeds from 
twenty-two different M. barbarus formicaries. Among these 
thousands of seeds he only found twenty-seven, from seven 
different nests, which showed unmistakable traces of 
germination between November and February; the radicles 
of eleven of these had been bitten off by the Messor. He 
thereupon concluded that ants must have a hitherto 
unknown faculty of arresting a seed’s tendency to grow, 
though in this he was contradicted later, chiefly by Emery 
and Neger. He proved that seeds which are removed from 
the granaries of Messor and planted in the earth germinate 
and sprout without losing any of their vitality. He also 
observed, in connection with natural nests and also with 
captive formicaries in apparatus, that the /ast seeds gathered 
before rain, or given to ants before they have been arti- 
ficially damped, are the first to be put away to dry. Mogg- 
ridge thinks that the seeds are usually softened and made 
ready to germinate before they are eaten. When seeds begin 
to germinate in the nest the Messor check the process by 
gnawing off the radicle, and especially by putting the seeds 
on the dome, to dry in the sun, and removing them as soon 
as they are dry enough. 

From his observations Mogeridge concludes that what 
occurs here is a transformation into sugar of the starch 
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contained in the seeds, like the transformation of barley 
into malt. He saw the eagerness with which ants devour 
seeds of this kind. It is unquestionable, he declares, that the 
great mass of seeds remain in the damp heat of the nest 
without either germinating or rotting, often from October 
to May, for there are some which cannot possibly have been 
gathered before October or November, and which are found 
intact in the granaries in May. He puzzled as to why they 
do not germinate simultaneously at a fixed time, as in the 
natural state in the earth, instead of waiting patiently to be 
eaten, though they can grow directly they are sown ! 

Moggridge counted thirty-five different species of plants 
whose seeds have been thus gathered by the Messor of 
Mentone. Dr. Bornet, of Antibes, he adds, complained of the 
havoc wrought by these ants among the seeds of exotic 
plants in the gardens of a rich villa. In some of their 
granaries at Hyéres such quantities of cereals have been 
discovered as might have caused serious losses to farmers. 
Moggridge estimates the average amount of seed contained 
in the granaries of a single formicary at half litre. 

Messor structor loves to dwell in the immediate surround- 
ings of human residences, where she can lie in wait for seeds, 
even those which are given to canaries. Moggridge found 
her at Mentone in a corn-chandler’s shop. I myself have seen 
her swarming in the streets of Smyrna, and Prof. Bugnion 
has just sent me a few of her kind which were swarming 
through the cracks in a chimney at Aix, in Provence. 
M. barbarbus, on the other hand, lives in uncultivated 
places. According to Moggridge, the granaries of M. 
structor are laid out in the same way as those of M. 
barbarus. | saw some M. structor, which I had placed in 
an apparatus, continually turn and re-turn their seeds 
between their mandibles, but I did not see them eat or cut 
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them—though for that matter, my observation was very 
incomplete. 

Moggridge says that the granaries of M. barbarus are 
situated from 14 to 20 inches beneath the earth of the dome. 
I discovered some at the Bosphorus which were still more 
deeply sunken in the earth. Moggridge twice observed 
M. barbarus nests built in the crevices of a solid rock. 
With the aid of a friend, armed with a hammer and a chisel, 
he succeeded in tracing these Messor nests by breaking the 
rock to a depth of about 45 centimetres. There he dis- 
covered tunnel-like galleries, and also the enlarged portions 
forming the granaries and containing the winged sexes. 
He also found a kitchen-midden. In another place Mogg- 
ridge discovered in a M. barbarus nest some curious little 
semi-circular vaults, regular and well-rounded, pierced by 
openings and serving as granaries. This had probably been 
in the first place the work of a scarabeus, annexed and 
transformed into a granary by the Messor. In these granaries 
Moggeridge, like myself, found some Lepisme and other 
ant-guests, such as we discussed in Chapter IV, Part II. 

He also discovered small Cynipid galls (galls from 
which a small winged insect comes forth) in the granaries 
of some Messor which had probably gathered them by 
mistake, supposing them to be seeds. 

Messor scarcely ever attacks other ants, and usually flees 
before them like a coward, even before the little Pheidole. 
On the other hand, her various formicaries engage in battle 
with each other in order to carry off seeds. ‘These wars may 
last for several weeks. Moggridge observed a fight between 
two colonies of M. barbarus which scarcely flagged at all 
from January 18th to March 4th. The nests of the two 
formicaries, situated on a slope, one high up and the other 
lower down, were linked by a chain of ants bearing seeds, 
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over which they quarrelled. Those of the higher nest (4) 
won the day, forced their way into the lower nest (B) and 
stole the seeds it contained. But their opponents struggled 
to have their revenge, and a few daring spirits even entered 
the higher nest to recover their property. The A’s had 
organized a kind of customs-house round the doors of nest 
B, and when a & returned with a seed thus recaptured the 
customs-officers took it from her and carried it back to nest 
A. Moggridge saw seeds being dragged in different 
directions by the § of the two sides. He also saw ants whose 
limbs and abdomens had been cut off by the enemy, but 
which continued none the less to fight and hold fast to their 
seeds, etc. On March 4th hostilities ceased, but the B’s had 
not abandoned their nest. 

On another occasion of the same kind, the fight lasted for 
31 days and the victors entirely abandoned their nest; he 
found the chambers empty and the granaries completely 
rifled, all except one which had been obstructed by roots 
and therefore long neglected by the ants. It is strange that 
none of the seeds contained in this neglected granary showed 
any sign of germination. He thought that these forays were 
due to hunger, at the time when the young need food, for 
the § could be seen staggering forth to such undertakings 
while still half-paralysed by the cold and rain. The swarm- 
ing-time varies a good deal between November and March 
for M. barbarus and between February and April for M. 
structor. ‘Vhis must be understood to refer to the neighbour- 
hood of Mentone, where Moggridge made his observations. 

Although Messor lives normally on seeds, in times of 
dearth she devours dead insects, like grasshoppers or the 
larvee of wasps and bees; Moggridge noticed this even with 


his captives in the apparatus. For instance, he saw them 
attack a large live caterpillar. 
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He established a colony of M. barbarus in a primitive 
apparatus of the Huber type, I imagine, with some earth, 
which they dug, and in which they constructed craters and 
granaries wherein to take the seeds given them by the 
observer. There they formed a refuse-heap for the seed- 
capsules, fed their brood, set the germinating seeds out to 
dry, etc., as in natural formicaries. He even saw them 
remove a few young plants sprung from the seeds which had 
succeeded in germinating and which, in growing, had 
pierced through the earth as far as the Messor galleries. 
Two § were working upon it, one drawing the free end of 
a root towards her and the other gnawing its fibres in the 
strongest part. Once, too, he saw a Messor % carry a sick 
companion to the water and, instead of throwing her in as 
usual, immerse her for a minute, then carry her laboriously 
into the sunlight (a bath followed by the sun-cure—the 
latest in human fashions!) 

Moggeridge used his captives to discover how Messor 
removes the envelopes (hardened skin) of the seeds them- 
selves, which swell when they are on the point of germinating, 
as he had formerly observed her removing their capsules. 
These envelopes are removed before the seeds are eaten. 
Last of all he observed how these ants eat the contents of 
their seeds. Despite all his precautions, his captives avoided 
the glass and showed a preference for working in the earth. 
In the evening, however, they came out in a crowd to enjoy 
the heat and light of the lamp, and then, with the aid 
of a magnifying-glass, with great care, throwing a ray of 
light upon them, he managed to see them eating. Two or 
three 3 at the same time were scratching the farinaceous 
portion of a millet-seed with their teeth and mandibles, and 
then catching the fragments in their mouths. To feed their 
larvee, the Messor 8 detach portions of seeds, which they bear 


218 THE SOCIAL WORLD OF THE ANTS 


into the nest. However, Moggridge has never succeeded in 
finding starch in the stomach of a dissected Messor, even 
with chemical reagents (iodine). 

He managed to induce some Messor to eat the starch 
which he obtained by breaking seeds for them. The flour 
was eaten when it was soft or oily, but thrown on the midden 
when dry and hard: he points out that the softening may be 
produced by water or oil indifferently. He also persuaded 
his captive Messor to eat a little honey, but they did not care 
for it very much and made no attempt to milk either the 
aphids or the coccids he gave them. Moggridge proved, 
furthermore, that Messor and Pheidole often go harvesting 
when it is absolutely dark. Before his departure in May, 
Moggridge examined the nest of his captive M. barbarus and 
found the formicary and its granaries, which were fairly 
tightly packed, everything being in perfect condition, In 
spite of the damp none of the seeds had begun to germinate. 

Mogeridge found no very marked difference between the 
harvesting methods of M. structor and those of M. barbarus, 
but says that Pheidole pallidula, on the other hand (he 
wrongly mentions Ph. megacephala, which is not found in 
France), does nearly all her gathering at night, and does 
not begin harvesting until April. But he did not succeed in 
disclosing their granaries. In my opinion our PA. pallidula 
is only a partial harvester. What Heer proved for Ph. mega- 
cephala at Madeira is true of all these omnivorous ants: the 
2| function as carvers of all booty, animal and otherwise, 
using their sharp mandibles. 

Moggridge also mentions Lasius emarginatus, Tetra- 
mortum cespitum and even Serviformica fusca as seed-bearers 
under exceptional circumstances. In July, 1872, near 
Martigny, I myself made the following observation with a 
Lasius brunneus colony whose nest, situated under some 
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stones which stood close against the foot of a walnut-tree, 
was continued into the earth round the roots and into the 
bark of the trunk. In those nest-chambers which lay under 
stones a considerable quantity of small black seeds, oblong 
and hard, with white, soft hila, were heaped together. They 
were about the size of millet seeds, and were neatly ar- 
ranged in heaps proportionate to the height and the surface 
of the chambers, as in the Messor granaries. The role 
brunneus, which, however, lives for the most part by her 
aphids, were bearing these seeds like their own cocoons, 
which were not found under any other stones, but only 
in the Lasius chambers. I have never seen such a state of 
affairs again, but it seems obvious that this was a granary—a 
thing quite exceptional in this species. 

Moggridge furthermore quotes an observation made by 
Mr. Horne in November, 1866, at Mainpuri in India, with 
some Sima rufonigra. Worne describes how these ants, 
which have their nests in the earth, gather grain and make 
granaries very much as do the Messor. 

Since that time, dear reader, no observations on the har- 
vesting ants so complete, conscientious, and patient as those 
of Moggridge have been made, and I am aware that I myself, 
during my numerous travels, have been very superficial in 
this respect, compared with him. But he only worked at 
Mentone and by no means exhausted the subject, as he says 
himself and as we shall see; and my only excuse is that there 
are no harvesting ants in the canton of Vaud: I have had no 
opportunity of seeing them except while travelling. 

One thing which has always interested me is the fact that 
the mandibles of the large $ of the large harvesting ants, 
especially in Messor, Pheidologeton and Holcomyrmex, are so 
worn and obtuse at their terminal edges during old age, 
whereas teeth are still present shortly after hatching. This 
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seems to me a clear proof that the task of cutting seeds 
devolves mainly upon these largest individuals with their 
enormous heads, who on the whole very seldom leave the 
nest. Even I myself, while passing through Algeria and 
Tunis, have observed wars between Messor colonies, the 
undoubted purpose of which was the rape of seeds. 

Emery repeated Moggridge’s observations, using an 
up-to-date apparatus on the Janet system, in which he could 
watch the ants eating. The large $ do really grind up the 
seeds and reduce them to paste or soup with their saliva 
before swallowing them. Their smallest companions help 
them to hold the seeds, and eat in the same way. The % feed 
the larve either by regurgitating the contents of their crop, 
or by directly presenting the aforesaid paste. According to 
Emery, Moggridge was mistaken in thinking that ants 
wait for the first signs of germination and chemical trans- 
formation of starch into sugar before eating their seeds. In 
denying this, he sums up his views as follows: 

(1) “In artificial nests, the Messor heap up their seeds in 
the dryest chambers, and sometimes, but not always, carry 
them to the damp chambers when they wish to eat them; but 
they never leave them time to germinate. The germination 
of a few seeds in the granaries is accidental, and not the 
result of the ants’ volition.” 

(2) “Seeds which have not begun to germinate are 
excellent food for ants. They make them into a paste or 
soup, which is certainly incapable of germinating.” 

(3) “The ants live on a paste which enters their crops and 
part of whose starch they assimilate; this is proved by 
quantitative chemical analysis of the paste itself, and of the 
remnants of ant-food when compared.” 

Emery has proved by a convincing experiment that 
Messor prefers the very germ of the seed to its pure fecula. 
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To put it briefly, Messor licks up and swallows a semi-liquid 
or semi-solid soup paste. Emery does not think that these 
ants deliberately dry their seeds in the sun, in spite of the 
positive observations of Mogeridge, Neger and other 
conscientious authors on this subject. On the other hand, 
Cornetz wrote to tell him that in Algeria he had often seen 
thick tufts of wheat germinating, developed from the 
upper granaries of Messor, which retires further into the 
earth at the approach of winter. This confirms an observa- 
tion by Moggridge, who once saw the seeds of a granary 
which had been abandoned by a Messor colony germinating 
in masses. 

Escherich has observed Messor in Eritrea arfd confirms 
Moggridge’s accounts. He adds that guards are stationed 
at the doors of every nest to examine each ant that arrives, 
before allowing her to enter. He also confirms the frequent 
errors committed by the © in respect of the objects she 
gathers. On the Mediterranean coasts, Messor displays most 
zeal and strength in her harvesting during the day, es- 
pecially about noon, whereas in Eritrea she works by night, 
after sunset. Here she also makes use of corn-chandlers’ 
shops to rifle their seeds. 

At Biskra, in Algeria, Escherich often brought away 
enough seeds from the granary of a single Messor barbarus 
nest to fill both his hands. In this connection he reminds us 
of the Talmudic rules of the Jews, which ordain in detail who 
is to possess the grains of wheat gathered from the granaries 
of ants—that is, which men are to possess them; for the 
Talmud takes no account of ants. If our Northern sages had 
studied the Talmud, they would not have denied the 
existence of ant-granaries! 

Neger made some observations in the Island of Arbe, on 
the Dalmatian coast, where he saw Messor gathering seeds 
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from almost every plant growing on the island. Like 
Moggridge, he says that the sorting and cleaning of the 
seeds is carried on in the interior of the nest, as soon as the 
crop is brought in by the harvesters. Neger observed how 
damp seeds were dried in the air, and afterwards brought 
back to the nest by the Messor when perfectly dry; he also 
saw how these ants bite off the first shoots of the few seeds 
which germinate. 

However, Neger does not believe, like Moggridge, that 
the Messor aim at transforming the starch into sugar by 
malting it. On removing the skin of seeds which have 
germinated somewhat prematurely, and examining them 
under thes microscope, one finds that their endosperm 
(cellular protoplasm) is filled with starch-grains. This means 
that at the moment when the swelling of the seed causes the 
skin to fall off, if germination is prevented by the ants, the 
chemical transformation of the starch has scarcely begun. 
Here, therefore, Moggridge’s interpretation seems to have 
been faulty, and Emery must be correct. Neger tends to 
think that the beginnings of germination help the ants to get 
rid of the skin of their seeds, which is often very hard. 

Neger has also made the following very important observa- 
tions with darbarus: Part of the material of the peeled and 
germinated seeds is worked up into masses of paste. At a 
certain moment a large number of these are taken out of the 
nest and laid out in the air to dry, like the damp seeds. They 
look very much like crumbs of black bread. Their size varies 
from that of a pin-head to that of a pepper-corn, and their 
colour is a light pink with a brownish tinge. When fresh 
these crumbs are damp and have a bitter taste, which more 
or less disappears by slow degrees when they remain in the 
air. The Messor leave them to dry until they are hard and 
crisp like a biscuit. In the morning Neger often saw the 
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drying-ground covered with these crumbs of bread, but by 
the afternoon they had disappeared, though he had not seen 
the ants carry them back to the granary. Neserv is con- 
vinced that the Messor use this ant-bread as a reserve-stock, 
and more particularly as food for the larve. Emery remains 
sceptical in this respect, and bases his opinions on his above- 
quoted observations as to the manner in which the Messor 
make and eat their paste. 

The harvest-season varies according to climate. In the 
desert, the summer is the time of dearth, in the South of 
France the winter. Hence in France Messor does most of its 
harvesting in autumn, and in the deserts of Algeria and 
Tunis, in spring. The habits of one species sometimes vary 
according to habitat. Escherich found that in Algeria 
it is a regular thing for Tetramorium cespitum to make fair- 
sized granaries; this ant is therefore a harvester in these 
regions and not in our own. However, in 1904, Escherich 
found a few granaries in some T. cespitum nests at Stras- 
bourg, just as I had found them in the case of Lasius 
brunneus, as quoted above, and as Emery and Janet had 
found in those of L. wiger. Here once more, dear reader, 
when we look closely into things we see exceptions and 
transitions, and these are the very things that enable us to 
get in touch with the phylogeny of the harvesting instinct 
of certain genera such as Messor. I may add that the genus 
Messor crosses the Equator and flourishes anew in South 
_ Africa, where it even shows some forms very similar to M. 
barbarus. 

Here I will refer the reader to Chapter VI of Part II, 
where I described the deep granaries of Messor arenarius 
reaching as far as a metre and a half down through the 
desert sand, and even farther down below the earth, like 
those of its relation, M. Oertzeni. The Messor arenarius tend 
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to go out singly to gather seeds, and the Oertzeni to form 
files of workers a fair distance away from one another. [ 
have observed both of them harvesting in Algeria, Tunis 
and the Smyrna region during spring. The sand-craters of 
M. arenarius are semi-circular (see fig. 52 in Part II). 

As we said at the beginning of this discussion, Sykes and 
Jerdon were the first naturalists to see Pheidole and Solen- 
opsis geminata r. rufa harvesting in India. Sykes had even 
baptized one Pheidole by the name of providens (fore- 
seeing), but no one can tell now which it was; I have also 
named one of them Sykesi. 

In 1892 Wroughton described the harvesting habits of 
Holcomyrmex scabriceps of India. It marches in regular files 
on one or several well-beaten paths, cleared of all vegetation, 
starting from the nest-doors and travelling as far as 30 metres 
(as the files of our Formica pratensis do). When one of these 
paths crosses a bare rock, it shows up white against this rock. 
Wroughton supposed that this was due to chemical action 
(formic acid). H. scabriceps gathers and also deals with her 
seeds in the same way as Messor. Wroughton also described 
from Aitken’s data the harvesting customs of Pheidologeton 
diversus, depicted in Plate III, a, 4, and c of Volume I. 
Aitken saw about a dozen workers occupied in carrying one 
of the gathered seeds, the husks of which were afterwards 
thrown out of the nest on to the midden. He says that 
the communities are enormous; the medium-sized & (2) 
sometimes lay a jaw to a burden, but the giants (a) appear to 
do nothing. Here Aitken is wrong; my readers have only 
to look at the worn-out condition of their mandibles as 
revealed in the illustration; they function as seed crushers. 
Armit, Tryon, etc., have observed the harvesting habits of 
Meranoplus dimidiatus and Pheidole longiceps in Australia. 
The latter deals with germinating seeds and dries those which 
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are wetted by rain exactly as does Messor in the account 
given by Moggridge. 

Wheeler studied this matter in America, where he has 
distinguished as harvesters: Solenopsis geminata, twenty-two 
species of Pheidole, five of Veromessor and thirty of Pogo- 
nomyrmex. 

Solenopsis geminata abounds in the American tropics, and 
stings formidably. The natives call it the fire ant, and it is 
highly versatile; it rears aphids, eats fruit, kills and devours 
many insects, and makes fine granaries containing very 
tidily-arranged seeds of tithymal and plantain. We have seen 
in Chapter IV of Part IV how it resists floods by forming 
live balls. 

According to Wheeler, several harvesting Pheidole of 
America are incapable of preventing the germination of seeds 
and cannot bite off their first shoots. He thinks, like Heer, 
that the function of the 2| is to cut up the prey brought 
home by the weak § and enable the community to enjoy it. 
So, he says, they must do the same thing with the seeds. 
Hence they are at the same time butchers and bakers. 
Wheeler has seen § feeding their larve directly with crushed 
seeds. 

The fine Veromessor species inhabits the deserts and dry 
steppes of the Western United States. In appearance they 
are very similar to our European Messor, and have large § 
with big heads, medium-size and small %. Their granaries 
are sometimes 60 centimetres below the hard soil of the sun- 
parched desert. Wheeler’s description of their harvests, 
their granaries, their refuse-heaps, etc., corresponds exactly 
to the one Mogegridge gives us of M. barbarus of Mentone. 

Novomessor Cockerelli is a large, elongated and agile 
monomorphous ant, all its Y being of the same kind 
Wheeler tells us that instead of stinging they defend 
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themselves with the milk-white secretion of their anal glands. 
They carry one another about on their backs, like the 
Leptothorax. According to Wheeler, isolated Novomessor 
are omnivorous and also rodent, but they prefer fruit and 
seeds to animal food. In their refuse-chambers Wheeler saw 
the elytra of beetles and dried seeds, which he also saw some 
% carrying. But he saw no granaries, and does not believe 
that they are fully developed harvesters like Veromessor. 
They bear more resemblance to dphenogaster, which some- 
times hunts, as 4. fulva var. picea does in the United States 
and, according to Emery, 4. testaceo-pilosa in Europe. 

But the typical harvester of America is Pogonomyrmex of 
the deserts and steppes, with its psammophores. P. dadius 
of Florida, which I myself found also in North Carolina, 1s 
the only one that inhabits cultivated ground. All the 
Pogonomyrmex of the United States make their nests in full 
sunlight. They are harvesters, and can endure long drought. 
Wheeler divides them into four groups: 

1. The swbdentatus group also includes three species of 
the sub-genus Ephebomyrmex. They are small, and their 
formicaries are scarce, the nests being small and scattered. 
The ¢ do not cut off the plants round their craters. 

2. The californicus and badius group includes larger 
ants, one hundred to a thousand § being attached to each 
colony. The craters are generally made in the sand, and the 
vegetation round them is not cut. 

3. The darbatus group is the most famous, and possesses 
large species and very populous formicaries. P. barbatus cuts 
or rather saws off all the vegetation round its nest within a 
diameter of I or 2 metres. Beaten paths connect this 
clearing round the dome with the harvest-field. The nest is 
either nearly flat, as in the case of r. rugosus (fig. 88 in Part 
ITT) or built in a conical dome which may be 50 centimetres 
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high, as in the case of r. molefaciens, opening by a crater of 
pebbles. It has been claimed that this nest, with its 
granaries and galleries, may extend as deep as 5 metres 
underground. 

4. The occidentalis group is distinguished by its enormous 
dome, an elegant gravel cone, represented in fig. 111. It is 
between 60 cm. and a metre in diameter and 20-30 cm. in 
height; and the nest underneath may reach to a depth of 
3 metres. Around the dome all vegetation is cleared 
away over an area 2—5 metres in diameter. The opening is 
near the base of the dome. Fig. 111 is a vertical section 
showing the arrangement of the granaries and chambers. 


Wheeler enclosed in an apparatus some small, timid, and 
inoftensive P. imberbiculus of Group 1, and watched them 
feed their larve with crushed seeds. Mrs. Mary Treat saw 
some P. badius of Group 2 not only picking up seeds but 
gathering them from their plants, carrying them up to the 
nest, husking them and depositing the chaff on the kitchen 
middens, and taking the seeds to their flat granaries. P. 
badius is the only polymorphic species, with large-headed 9. 

P. barbatus +. molefaciens of "Texas was observed by 
Buckley, Lincecum and McCook under the name of the 
‘Agricultural ant.’ In 1862 Lincecum claimed that 1s 
molefaciens, not content with gathering seeds and storing 
them inher granaries, intentionally and exclusively 
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cultivated a species of grass, known as Aristida oligantha, all 
round her bare-domed nest and also sawed off, likewise 
intentionally, all the other plants growing within the circle, 
thus carrying out a well-devised agricultural system. Later 
on McCook wrote a large book entitled The Agricultural Ant 
of Texas (1879) in which, though he was not able to con- 
firm the agriculture alleged by Lincecum, he did not dare 
to contradict it, and even produced plates depicting P. 
molefaciens domes surrounded by a narrow circle of Aristida. 
In this way he contributed largely to the spread of a myth 
which Wheeler tells us even the Texas schoolboy has come 
to regard as a joke. 

Having lived for four years in Texas himself, Wheeler 
was the first to show these facts in their true light. The 
Aristida is very abundant and frequently gathered by P. 
molefaciens: its seeds may frequently sprout in the ant- 
granaries, which are literally stuffed with young plants. 
The ants may then be seen removing the seedlings which 
have sprouted too far to be fit for food, and throwing them 
on the refuse heap which is always at the periphery of the 
crater or cleared earthen disc. Here, however, the seeds 
often take root and form all round the dome the circle of 
Aristida drawn by McCook. As a matter of fact, other 
plants are found mingled with them, and it is only a minority 
of P. molefaciens nests which are thus encircled. The 
phenomenon in question is haphazard and irregular in its 
occurrence, and it was only the fertile imagination of 
Lincecum which transformed it into a general rule and 
created the legend of a calculated and exclusive cultivation 
of Aristida. ‘This is the way, friend reader, in which legends 
are born in the human brain. Like undesirable weeds, they 
are easier to sow than to uproot, for in our stupidity we 
would fain have it so. 
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According to Wheeler, moreover, when P. molefaciens 
clears the grasses for some distance round its dome it is 
concerned to get the soil dried and warmed by the sun with 
a view to the development of the brood, as well as of its 
granaries. Pogonomyrmex coats her broken seeds with saliva 
before administering them to the brood, which “‘ may in- 
sure the conversion of the starch into sugar,’ says Wheeler; 
so we see that interpretations differ, 
though facts remain. Wheeler has 
observed the nuptial flight of various 
Pogonomyrmex which never have more 
than one fertilized queen in their nest. 
The bite of Pogonomyrmex is terrible; 
I myself have felt that of P. badius. 
The ancient Mexicans made use of it 
to torture and kill their enemies. 

Santschi observed the attractive 
granaries of Oxyopomyrmex in ‘Tunis, 
as represented at half the natural 
size in fig. 112, drawn by Santschi 
himself. The upper chamber, which 
is built for the brood, is the only 
one without seeds. ‘The nest is sur- 
mounted by a regular conical crater, 
and its opening is only 1 to 2 
millimetres broad, just allowing one § to pass through. 
The O. Santschii go harvesting singly. They are very slow, 
and at the slightest alarm they feign death or hurry back to 
their nest. The colonies consist of scarcely thirty individuals 
only. According to Santschi, Oxyopomyrmex has a very 
special kind of caustic poison. At Salonica | my- 
self discovered O. Kriiperi in a nest very similar to 


that shown in fig. 112. Fig. 113 shows the head of 
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O. Santschii, with its pointed eyes placed to the front and 
very low down. 

Prof. Lameere has made some 
fine observations in the Algerian 
Sahara. He saw some Messor 
arenarius nests still larger than the 
one which I myself excavated, 
and described above, and he calls 
this ant ‘the most powerful organ- 
ism in the desert.’ He discovered Messor caviceps in a 
sandy desert where scarcely anything grows but drin 
(Aristida pungens). The cavity in the under side of the 
head of this Messor is specially devised to enable it to 
gather grains of sand which it has picked up with its 
psammophores. MM. denticornis, found by Schulze in 
the Kalahari Desert (Namaland) and likewise a gatherer 
of Aristida, does the same, with its almost equally con- 
cave head. 

Lameere also saw Holcomyrmex Chobauti and Lameerei (the 
second of which was discovered and described by myself) 
in the Sahara, gathering the drin-seeds, which are shaped 
like spindles and upon which the & ride astride as the 
witches in the fairy-tales ride on their brooms. ‘They bear 
them between their legs, holding the small end between 
their mandibles and fitting into the notches under their 
heads. These ants go harvesting in long files. Their nests 
open without craters by two or three orifices set rather wide 
apart and guarded by a few very timid %, which sham death 
by rolling themselves into balls when wind threatens to sweep 
them away. H. Lameerei lives in rocks, and H. Chobauti in 
pure sand, like Messor caviceps and arenarius. With regard 
to their local distribution, Lameere gives the following 
interesting table of the harvesting ants (Messor and 
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Holcomyrmex) and hunting ants (Cataglyphis) of the desert: 


: ALLUVIAL 
OASIS STONY DESERT | SANDY DESERT 
DESERT 


| M. striaticeps eee ee 


Harvesters: | M. darbarus | M. egyptiacus | | ae M. caviceps 
| H. Lameerei [ H. Cau 
Hunters: C. bicolor C. albicans C. viaticoides| | = bombycina 
(C. Lucasi 


Edward Jacobson made a study in Java of Pheidologeton 
diversus already observed by Wroughton and Aitken and 
described above. The PA. diversus march in long columns 
of workers, small and medium-sized, laden with seeds and 
prey, including even the fig-seeds contained in the excre- 
ment of certain birds. The giant $ or 2| generally remain 
in the nest, where they crush the seeds, but when they come 
out they can be seen carrying small $ on their heads, as 
shown in Plate III of our first Volume. PA. diversus, like 
Formica pratensis and Holcomyrmex scabriceps, hollows out 
beaten paths, 2-2-5 cm. broad, which the workers extend 
across the grass to a distance of as much as 50 metres from 
the nest, and on which they march both day and night. A 
certain fly named Bengalia Jatro watches for them and often 
flies down and snatches away their prey, with incredible 
speed, sometimes also carrying off some ants, of which 
it afterwards rids itself when it settles in another place. PA. 
diversus is really omnivorous, and gathers almost as many 
live or dead creatures as seeds; and it is only the animal prey 
that is coveted by the fly, which discards the seeds when it 
takes them by mistake. 

In Chapter III of Part IV I mentioned the wars of 
Messor meridionalis, observed at Braila in Roumania by my 
brother-in-law, Dr. A. Brauns. I append his important, if 
brief, observations on the habits of this ant. 

“The Messor nest is built on a ridge 20 cm. high, with 
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holes on a level with the ground. During the rainy season 
these holes are closed to avoid flooding. Half-way up 1s a 
hole for the refuse. The holes are narrowed or entirely 
closed in the evening with grains of earth, and then opened 
again in the morning before sunrise. The giant © do not 
work by day, but stay inside and act as policemen to the 
dg and 9, which they drive out later on. In the winter I saw 
Messor throwing away their refuse (seed-coverings), almost 
exclusively on windy days and through the hole that was 
most exposed to the wind, so that it might be carried away 
immediately. 

“April 22nd, 1918. Since October, 1917, we have had 
rain or dew on ten days only, but for the last two days warm 
rain has been falling. The Messor have been furiously at 
work, throwing out rubbish, digging their nest and sur- 
rounding their holes and craters. Between 5 and 6 p.m. | 
saw a little cluster some 30 cm. from a nest; a few giant 
Messor were struggling to drag a large individual out of the 
ground. This was a wingless 9, which they were pulling by 
the body and legs. On looking about me I| discovered three 
more apterous 2 running about alone with a wearied air, ap- 
parently natives of several different nests, for they were 
100-200 metres away from one another. I tried to put one 
of them into a hole in a nest near by, but she was attacked 
by a Qand fled. | repeated my attempts with the sameresults; 
the fertile Q was attacked every time by one or two of the 
larger 9, which drove her away with her mandibles, but did 
not pursue her; she then fled of her own accord. One of these 
?, which I placed in a pot, endured the same fate next day. 

“June ist, 1918. The activity of Messor depends ab- 
solutely on the dampness of the weather; as soon as rain has 
fallen, it begins to dig and toil both day and night, whereas 
Cataglyphis only works by day. 
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“August gth, 1918. For a long time all has been as still 
as death, and the Messor nests have been entirely closed. 
To-day, after a few rain-storms, a hole 30 mm. wide was 
opened, and & of all sizes set out to gather thistle-seeds.”’ 

What were the Messor about when they drove their fertile 
2 away after this exceptionally dry year? I leave it to the 
future to elucidate this problem, which at present is in- 
explicable. 

In 1920 Prof. Franz Doflein published in his Maze- 
donische Ameisen the interesting observations which he made 
in Macedonia in 1918. For the most part these researches 
concern the same Messor meridionalis which Dr. Brauns 
observed at Braila, but this time they relate to a moun- 
tainous country (Uskub, Kalukova). Passing over his con- 
firmation of the previous work, we will summarize the 
following aspects of his study: 

In December and January it was freezing, and the Messor 
slept, without eating anything. They came out to work for 
a few days in February, then, their home being in the high 
region of North Macedonia, they went to sleep again. 
Doflein attaches considerable importance to what he calls 
the ‘collecting instinct’ which urges Messor to gather not 
only seeds, but all kinds of useless objects, which are after- 
wards thrown away (Moggridge’s ‘mistakes’). Summer is 
the gathering season for Messor in Macedonia; they then 
gradually dig and clean a number of paths 30-100 metres 
long, and their formicaries frequently form polycalic 
colonies, with nests the same distance apart. 

He insists that all the $ of different sizes may participate 
in this work. He admits, however, that the pygmies and 
giants take a smaller share in the gathering of seeds than the 
8 of medium size. He describes the harvests, the nests, etc., 
in a detailed manner which is quite delightful, helping out 
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his statements by the use of figures. He cites one nest which 
contained thirty granaries and a whole litre of seeds. These 
nests were built in earth, so hard that after a whole day’s 
rain the moisture had not sunk further than 3 centi- 
metres into the ground. The Messor nests are not usually 
very deep; at times, however, they may extend a metre or 
even one and a half metres down. Doflein destroyed them 
with the help of a Roumanian. 

In his observations on Messor meridionalis in an artificial 
Fielde nest, Doflein declares that he discovered the origin of 
the cement of mica and flint described by Moggridge. It is 
a whitish substance similar to wax, and it helps to secure the 
granary walls from the damp. He saw the glass walls of a 
Fielde nest gradually covered with light grey filaments, _ 
3-6 millimetres long and beginning from a large base about 
a millimetre wide. He then observed the same thing 
happening on the walls of natural nests. These filaments, 
illustrated in Doflein’s book, are not soluble in water, but 
can be easily wiped off the glass. Though he was not able to 
observe distinctly the way in which Messor produces this 
putty-like material, produced in darkness, especially when 
the Fielde nest had been exposed to the sun, he says that 
the ants probably apply the cloaca, and perhaps the mouth 
also, to the glass, and spread over it the secretion of a gland 
(the anal, accessory, mandibular, or some other gland); and 
then, as they walk about, leave this glutinous secretion 
which forms the filaments in question. He sometimes 
thought he could see some scraps of excrement near the 
base of the filament. He thinks that the Messor adopt this 
means of keeping their seeds dry to prevent them from 
germinating. 

Doflein saw the Messor arrange their seeds neatly in order. 
He never observed the ants eating them or putting them 
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out in the sun, but he often saw the seeds being borne to a 
damp place, where, on one occasion, they germinated and 
grew up into plants. Doflein does not entirely reject 
Moggridge’s theory, according to which the seeds are 
transformed into malt before they are eaten. This, he says, 
may or may not happen according to the circumstances, 
species and region. Doflein did not observe the loaves made 
out of paste, which Neger describes and which we have 
mentioned above. In short, he confirms Emery’s opinions, 
but he believes that in Macedonia the Messor are chiefly 
insectivorous, and that the seeds are used as a special reserve 
for the time of want and as food for the young. 

Doflein also discovered M. Oertzeni in Macedonia. He 
furthermore observed the polyandrous nuptial flight of 
M. meridionalis 2. This flight is not a high one, and mating 
takes place in the neighbourhood of the nests; the couple 
can then often be seen falling to the ground, as in the case 
of Myrmica. ‘The gf die shortly afterwards. 

He once saw a giant % caress with her antenne a 
pygmy % which was all tangled up in some wadding, 
then pull her in a friendly way, free her, and finally leave 
her alone. 

He next observed Pheidole pallidula. He declares that 
their § disgorge honey-dew to the 2|, but that the reverse 
never takes place. What is more, when all the 2|in a Fielde 
nest managed to escape through a little rift, and did not 
return, for a reason unknown to our author, the § and the 
fertile 9 remained there alone, as their heads could not pass 
through the rift. The result was that they starved to death, 
without touching the honey which Doflein gave them. This 
important observation must be carefully confirmed. As 
Doflein says, it presents a strong contrast to the case of 
Messor, whose % polymorphic forms, so he declares, all 
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possess an equal capacity for work, particularly for feeding 
their companions. 

There, then, all things considered, we have some examples 
of important divergences between various authors con- 
cerning the harvesting ants, and especially as regards their 
interpretations of observed facts. You must get to work, 
therefore, friend reader, and correct and complete all this, 
for there is no shortage of subject matter. 

Thus I end my present chapter to go harvesting else- 
where, namely, in the fungus-gardens of the 47tini. 


Chapter III 
MUSHROOM-GROWING ANTS 


Ever since tropical America was discovered we have 
known that it is inhabited by certain ants which the Indians 
called “Sauba,’ and which are in the habit of devastating 
plantations by cutting off leaves from trees with their strong 
sharp mandibles. They may be seen journeying in long 
files, one or two rows deep, laden with leaves which are still 
green and which they have just cut off; or climbing on a tree 
or a bush, as depicted in a most faithful manner in figs. 114 
A and B, especially 5, which were carefully drawn by 
Heinrich from nature. Everybody in these parts has 
seen it. What the Sauba do with their leaves nobody knew 
at all until 1874. 

They were seen going into their subterranean nests with 
their cut leaves, but there the leaves were seen no longer and 
the most absurd conjectures were current. I do not know 
whether the Indians or the Creoles were the first to spread 
the story that the Sauba cut leaves simply as carpets for 
their nests; but Bates, who so well described the habits of 
Eciton (Chapter I), was himself responsible for a similar tale 
in 1863. He claimed that he had seen some Atta cephalotes 
carpeting their nest with the leaves they brought home, 
covering them with earth in order, so he thinks, to keep out 
floods. His imagination led him into error. One night, 
moreover, the Atta stole the manioc seeds which he had 
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Fig. 114 A 
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stored up, and after that he 
believed that they lived on seeds. 
This occurrence seems to have 
been exceptional; the manioc 
was evidently gathered to aid in 
the growth of fungi, as we shall 
see, and not to be directly eaten 
by the ants. 

All the true Aztini live exclu- 
sively on the fungi which they 
grow. The large ita are highly 
polymorphic. The giant § do 
not go out, but guard and defend 
the doors of the nest. ‘The 
medium-size $ cut and carry 
the leaves, and I myself observed 
their files in Colombia; some of 
them also cut up the leaves into 
little pieces within the nests, as 


Moller proved. The Lilliputians do not leave the nest, but 
sow the fungus-spores, cut the filaments of mould and keep 
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the fungus-garden clean. In the 8 of Acromyrmex, dimor- 
phism is already much slighter. Finally Trachymyrmex, 
Apterostigma, Mycocepurus, Myrmicocrypta, Cyphomyrmex, 
Sericomyrmex, etc., have monomorphic 8, all identical with 
one another. The 4rtini which are peculiar to tropical 
America, as we saw in Part I, Chapters I and VI, are 
descended by a long 
phylogeny from small 
ants of the Old Con- 
tinent, relations of the 
smallest American 
genera. There are no 
ants outside America 
which grow fungi. 

Belt was the first 
to discover the truth 
while in Nicaragua in 
1874, and he revealed it in the book quoted above. In this 
region he was often told that it was no use attempting to 
grow such and such a plant because the Sauba always 
destroyed it. When an 47a has partially cut through a leaf 
on a tree, it looks as if she is going to fall, but as a rule, so 
Bates tells us, she holds on to the rest of the leaf by a leg and 
thus raises herself, carefully arranges the cut portion of the 
leaf between her mandibles, carries it down from the tree 
and follows the column formed by her companions as they 
return. This column is often about 15 centimetres or 
more in width. When an 4éta does fall, however, she will 
not relinquish her leaf for such a trifle, but picks herself up 
and carries it away. The nests of the large Aza are not built 
in the undergrowth of the virgin forests, but on its outskirts 
or round clearings. 

On reaching their nest, says Belt, the ta make 
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their way in with their green leaves through the large 
openings, and disappear, covering up with their mass of 
leaves the 3 which are coming out and crossing their 
path. Through other nest-openings, still more % can be 
seen coming out with balls, which Belt supposes are made of 
earth, and which they throw out to raise their dome higher 
and higher. He wondered how the forests remain proof 
against these ravages, but the strength of the tropical 
vegetation enables them to do so none the less. In Colombia 
in 1896 I confirmed Belt’s observations, word for word, 
with 4. columbica in particular, but also with 4. /evigata and 
cephalotes. It is not earth, however, that is thrown out by the 
8; usually, at any rate, these balls consist chiefly of the 
inedible refuse of the fungus-gardens, as I had opportunity 
to observe in Colombia. It is chiefly imported plants 
which are destroyed by the dita. On the whole the indi- 
genous vegetation, gradually reinforced by natural selection, 
resists the attacks of the Sauba ants. 

By flooding their galleries with phenic acid, Belt suc- 
ceeded in discouraging the ants which were devastating the 
trees in his garden, and he watched them hurry away and 
remove their belongings to another nest farther off. The Aita 
carried out the numerous corpses of their companions 
which had been slain by the acid, and bore their brood and 
their fungus-gardens, cut up in pieces, to the new nest. On 
reaching the top of a steep slope they were intelligent 
enough to let go of the pieces and allow them to roll to the 
bottom, where other & picked them up and carried them to 
the new nest. As Belt remarks, this shows an extraordinary 
reasoning capacity. A few days later both the nests were 
empty. The Atta had removed to a still more distant spot. 
The garden was not invaded again for a year, and then Belt 
again drove the Atta away in the same manner. The 
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underground ramifications of the nests of these ants are so 
deep and extensive that energetic steps are required to save 
oneself from their ravages. 

Another method pointed out to Belt by Fr. Velasquez is 
to use corrosive sublimate, as I have already explained in 
Chapter V, Part II, when describing my own experi- 
ments with Myrmica, which repeated those of Belt with 
Atta. But if the sublimate is used in dry weather, the effect 
on Atta seems to be much more intense. Under the action 
of this poison, individuals of the same formicary cut each 
other to pieces and mutually destroy one another. 

Belt was the first to realize that the Azza utilize their leaves 
by cutting them into small pieces on which grows the 
mycelium (mould) of a fungus which they use as food. They 
are, he tells us, “mushroom growers and eaters.’ To destroy 
them he dug down deeply into their nests, and there he 
discovered rounded chambers as large as a man’s head, 
communicating with each other by broad passages, like 
those shown in figs. 115 and 127, photographed from life. 
Although the & were continually carrying in cut leaves, no 
quantity of them was ever found in any part of the burrows. 
Hence it was certain that they must be immediately worked 
upon and used up in some unknown way. The chambers 
were always filled with a spongy mass, speckled, brown, 
light and loosely connected. Throughout these masses 
were scattered the larve, pupz and smallest $ of the Aéza. 
The masses themselves were composed of small fragments of 
leaves, withered to a brown shade and connected by filaments 
of a mycelium fungus. Belt found the same cavities and the 
same spongy masses, serving at the same time as food and 
nest for the brood, with another species of Atta. In the night, 
this species often enters houses and steals farinaceous sub- 
_ stances, as they stole Bates’ grains of manioc. 
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Belt adds that the 4#za are not content with leaves, but 
will take anything that may serve for growing their fungus 
on: the white rind of oranges, various flowers, etc. Belt says 
that the “ita neither dry nor moisten their leaves; during 
the rains they bring them into the nest and during the dry 
season they go out at night to cut them. 

Belt supposed that the smallest $ comminute the leaves, 
as he never saw them being either cut off or carried outside 
the nest by the small ants or the giant $ which guard the 
doors. Here Moller has proved him to be wrong. These 
large creatures defend the formicary and go out only when a 
removal takes place; they bit Belt so severely as to draw 
blood. It is the mediz which act as bearers outside the nest, 
and which also cut up the leaves inside. 

Here again the observations which I made with the large 
Atta of Colombia in 1896 confirm those of Belt. While 
spending a night near Rio Frio, on the farm of Mr. Bradbury, 
I found an enormous Ata columbica nest, the centre of a 
large polycalic colony, the inhabitants of whose various 
nests were on friendly terms with each other. A number of 
roads, a decimetre broad and as well cleared as those of our 
European formica rufa, radiated from the central nest, and 
over these ran thousands of 4#ta § carrying cut leaves. The 
central nest itself was 5-6 metres in diameter and 1 metre 
in height. It was like a miniature volcano, consisting of 
twelve to twenty volcanoes set close to one another. The 
largest was 60 cm. broad by 28 deep, and continued below 
through a passage 33 cm. broad, into which poured masses 
of § returning to the nest laden with cut leaves. The other 
dwellings, which we will call the accessory nests, were 
situated one or two hundred paces away from the central 


nest; they were much smaller and had only two or three 
craters. 
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There are two kinds of craters: one grey, built out of earth 
or sand, which is excavated when the nest itself is being 
made; the other brown, and merely the outcome of refuse 
from the fungus-gardens, which is inedible, since all the 
nutriment has been extracted from it. From this second 
type of crater numbers of medium-sized § may be seen 
coming out, laden with large brown pellets, which they 1m- 
mediately throw out all round the summit, only to take 
them back into the nest soon after. This sight, contrasted 
with that of the & laden with their green leaves and hurry- 
ing in through the grey craters, made an indelible impres- 
sion on me, and was somewhat suggestive of a factory with 
its workmen. 

Having made up my mind to see the inside of the nest, I 
asked one of Mr. Bradbury’s Indian servants, who had a 
spade, to make a large breach in the central nest of the 7. 
columbica. No sooner had he thrust 1n his spade two or three 
times and laid the nest open over a surface of about a metre, 
than the 41a crowd, which had hitherto been quite peaceful, 
rushed furiously towards us. The Indian threw down his 
spade and fled. In a few seconds I was covered with Avra, 
which drew blood from my hands, face and calves, and I was 
compelled to retire, followed by a host of large 9, until I was 
several metres from the nest. They must have seen me, for 
they pursued me in a straight line wherever I turned to 
escape from them. I then returned for a moment, fastened 
down the bottoms of my trouser-legs, donned gloves and a 
scarf and went back to the fray armed also with a cigar-box. 
There in front of my eyes were about twenty large chambers 
(see fig. 115), each 15-20 cm. broad with the fungus- 
gardens and brood of the 4a. | filled my cigar-box and fled 
again, covered with the desperate defenders of the nest. 
The large Atta bit my skin and drew blood, even cutting a 
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small artery in my finger. I measured other cuts 3-4 milli- 
metres long on my fingers and in other places. The Atta 
ran very swiftly with their long legs (fig. 1148), and in less 
than no time they had climbed up my clothes and reached my 
Pace. 

The fungus-gardens I captured were of a light reddish 
colour near their base, with spots of white mould, the top 
being more of a grey tint. The dark portions seemed to be 
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waste-products. In the labyrinth formed by this fungus- 
culture were thousands of minims mingled with mediz, not 
to mention the brood. Some enormous @ larve lay there, 
covered with the Lilliputian § until they looked like hedge- 
hogs. They held on so fast that I was able to put them and 
the big larve into alcohol as they stood, and presently to 
show this hedgehog to my colleagues at a congress. But the 
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fungus-garden is so spongy and flocculent that it crumbles 
at the least pressure, and cannot be preserved whole. I have 
kept the remains of it, however, and on examining it under a 
microscope in 1921, after 25 years, I was able to affirm that 
it contained: (1) A great many small fragments cut off from 
leaves, brown in colour and about 1 or 2 millimetres or 
even less in length (these fragments were covered over with 
the mycelium fungus and tangled with one another); (2) 
small clusters of ‘kohlrabi,’ identical with those represented 
in fig. 1174 (see below) after Mdller. These kohlrabi are 
microscopic, invisible to the naked eye, or nearly so. To my 
shame | admit that I neglected to make this examination for 
25 years, as I was relying on the work of Moller. 

When I had got rid of the 41a, I presently opened the 
cigar-box. As the ants were no longer there, the mycelium 
fungus had grown and the whole box was filled with a 
mould, whose long filaments were beautifully white. I then 
sent the box to Moller, who used it to prove that the fungus 
cultivated by the large /ta is the same as that of Acro- 
myrmex, which he alone had observed—namely, Khozites 
gongylophora! I never saw any trace of carpets made out of 
leaves in the Ata nests or in those of the 4¢tini in general. 
This myth is exploded. In Colombia, on the other hand, I 
observed that the 4ita do not carry companions which have 
lost their way on their backs, like Myrmica, Tetramorium, 
etc., but folded up underneath them, like Formica. 

The nests of Atta levigata are very large, but quite flat 
and subterranean, and therefore I never succeeded in digging 
deep enough to find their fungus-gardens. 4. /evigata lives 
on mountains at an altitude of about 1,000 metres. The 
same obtains with 4. cephalotes, whose nests are intermediate 
in style between those of /evigara and of columbica, though 
its gardens resemble those of the latter species. The giant 9 
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which in columbica sometimes come out of the nest, are never 
seen outside in the case of /evigata and cephalotes, but are 
therefore all the better door-defenders, and terrible biters. 
In levigata they are enormous, while the smallest kind are 
truly Lilliputian, being only 2 millimetres long, whereas the 
giants are 16 millimetres long, and the 2 23. The heads of the 
giants, however, are 6 millimetres broad across the occiput. 
Between these are all possible intermediate sizes. From 
the above data, dear reader, you will be able to realize what 
the large Aiza are like; to complete the image, add that they 
have a-reddish colour and their bodies are covered with 
spines (fig. 1148). 

But we have still to consider how the mycelium of the 
mould is transformed into microscopic kohlrabi, what is the 
mysterious fungus of the dztini, and by what means its 
mycelium is cut off and its reproductory corpuscles are sown 
—the microscopic cells known as ‘spores’, from which all 
fungi are derived. All fungi, the largest agarics as well 
as the boletus, come from microscopic spores, which 
begin in the form of mycelium, otherwise known as mould. 
Only occasionally do these moulds suddenly give rise to the 
various species of large mushrooms which are familiar to all 
of us, and whose non-poisonous species are so delightful to 
eat. But to distinguish one mycelium from another, it is 
necessary to be a botanist and to be able to recognize them 
under the microscope. Neither Bates, nor Belt, nor myself 
have specialized in this subject. 

Acromyrmex. Ne are indebted to Dr. Alfred Moller, a 
distinguished botanist who afterwards devoted himself to 
forestry and became a professor, for the most exhaustive 
study of the dim: and their fungus-gardens. This study 
was made in 1893 at Sta. Catharina in Southern Brazil, and 
dealt especially with dcromyrmex, but not with the large 
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Atta. He then wrote to me, and I identified his ants. He 
quotes Belt at great length, and even takes Belt’s remark: 
‘The Attini are mushroom-growers and eaters’ as the motto 
of his admirable work. Here we will summarize Moller’s 
book, Die Pilzgarten einiger stidamerikanischer Ameisen (The 
Fungus-gardens of certain South American Ants). Maller 
describes the habits of four species of <Acromyrmex: A. 
disciger Mayr, A. niger Sm. (which I then distinguished 
wrongly as Aystrix Latr; it has been found out since then 
that the true hystrix is a synonym of octospinosus Reich, and 
lives farther north), 4. subterraneus For. (which I, again, 
confused with coronatus F., and which was thus named by 
Moller) and 4. Mélleri For. (Maller’s Aza IV). 

These four species dig and build roads in the grass like 
those of the European Formica pratensis, 1-5 cm. broad and 
sometimes covered with earth-masonry, like those of our 
Lasius niger, and along them, single files of Acromyrmex 8, 
laden with cut leaves, march one behind the other. Other 
squads repair and reconstruct the road, which is fre- 
quently destroyed by various creatures. When this happens, 
the § which are stopped by the unforeseen obstacle often lay 
down their leaves, picking them up again as soon as the 
repairs are finished. Moller saw an 4. disciger take an hour 
and ten minutes to carry a leaf twice her weight a distance of 
26 metres. But outside beaten paths of this kind—in the 
forest, for example, —Moller saw some Acromyrmex © cut off 
leaves more than 20 metres up a tree, carry them down 
over the leaf of a large fern, cross over the lianas, come to 
the ground and rejoin their companions on the road. In 
this way the Acromyrmex sometimes make a road 100 
metres long, or longer, utilizing branches and anything that 
can aid in their passage, even for the purpose of carrying 
them over streams, and bearing their leaves the while. 
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These means of passage often alternate with open or covered 
roads. From time to time a shower will cause the Acromyr- 
mex to throw down their leaves suddenly. I may add that 
A. niger cuts its leaves by night. 

Maller observed through a lens the way in which the 
Acromyrmex cut leaves with their dentated mandibles, which 


Fig. 116 


they cross like a pair of scissors. Either can be placed over 
or under the other. They always make cuts on the leaf in 
the form of an arc or circle. When a vein has to be cut 
through it must be gnawed several times. The size of the 
piece cut depends on that of the ant. Moller has seen a 
leaf cut right through in four or five minutes, after which the 
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carver, still attached by one or two legs to the uncut part, 
proceeded like the 4iza in Belt’s account above. The burdens 
of the % render it difficult for them to move about, and 
therefore they generally carry their leaves on their backs, 
to obtain greater freedom of movement. They also gather 
berries, flower-buds, etc., as manure for their fungi. 

A. subterraneus forms its nest of masonry in the earth. 
The three other species simply cover their homes with dry 
leaves and twigs, somewhat in the manner of Formica rufa, as 
shown in fig. 116 (4. Lundi) after Dr. Bruch; but the dome 
of the nest may be either uncovered or else covered to a 
variable extent. In no case does the fungus-garden touch — 
the lateral and upper walls of the chamber in which it is 
formed, as is made evident by our figure, and it was not left 
uncovered by any of the four species observed by Moller, 
any more than by 4. Lundi. A. octospinosus of Para 
and Colombia is different in this respect. 4. subterraneus 
was the only species observed by Mller which had 
several fungus-gardens, buried in the earth and enclosed in 
chambers connected by passages. Except in the case of 4. 
Milleri, in which they are only 3 cm. broad owing to the 
smallness of the community, these gardens are almost as 
large as a human head. 

Near the top, where it is still fresh, the garden is blackish- 
blue in colour. Lower down, where it is old, it becomes 
reddish-yellow. When it is destroyed, the § gather up the 
blue-black part first of all. The filaments of mycelrum 
(mould) link together certain small, round, white bodies 
about a quarter of a millimetre in diameter. These are the 
‘kohlrabi,’ the sole food*of the A¢tini, represented in fig. 
1174 in connection with Acromyrmex and Arta. Under the 
microscope they show small remains of finely-cut leaves, 
threads of mycelium anastomosed (connected) with each 
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other, only s—6 myriametres thick. At the ends of the 
filaments of certain mycelia are globular kohlrabi measuring 
10-24 myriametres across, that is, about 1/10-1/4 of a 
millimetre. There are transitions between the kohlrabi 
and the threads of mycelium, but quite apart from any of its 
dilations the mycelium proliferates throughout the entire 
fungus-garden. 

Moller took a garden from an 4. disciger formicary and 
spread it over a path a few metres from the nest. In three- 
quarters of an hour 
the % had found their 
nest again and carried 
the whole garden back 
to it in pieces. "list 
is destroyed they 
promptly restore itand 
cover it over afresh 
with dry leaves and 
other fragments. 
When they migrate 

Fig. 117 A they take it with them, 

leaving intact the shell 

of the nest they are abandoning. In short, the Acromyrmex 
are inseparable from their fungus-gardens. 

These ants are much smaller than the 4ta, and incapable 
of drawing blood from the human skin. They will starve to 
death beside their leaves, which they cannot eat, but will 
protect their gardens from all dangers, even including light, 
and when deprived of them they perish. They utilize the 
refuse of the ant-gardens to make the outer framework of 
the nest which is to cover it. In order to see them eat, 
Moller starved his Acromyrmex for five days and then gave 
them some kohlrabi, watching them through the magnifying 
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glass. A % seizeda single kohlrabi head with her mandibles, 
tore it from the garden, placed it between her forelegs, 
sucked and then swallowed it, turning it round several times 
in her mouth and probing it the while with her antenne. 
After Méller had starved four species of Acromyrmex for a 
long time, he saw each of them eat the kohlrabi of the other 
species in the same way, though they would never touch 
those of Apterostigma or Cyphomyrmex. 

On reaching her nest, Acromyrmex first cuts a leaf in two, 
then divides one of the halves and so on. As soon as one of 
the pieces becomes small enough the ant turns it round and 
round between her front legs and mandibles, examining its 
shape as she does so, and then continues to slice it up until it 
is about as large as the head of an Acromyrmex. Every 
worker cuts her leaves in the same way. She proceeds to take 
her fragment between her front legs, places the edge 
between her mandibles and pinches it all round without 
cutting it, as the magnifying-glass clearly reveals, after 
which she scratches the fragment until the surface 1s all 
peeled off and the whole is softened. With these same 
mandibles of hers she then makes a pellet of paste, an 
operation which may occupy her for a quarter of an hour, 
takes it to some site suitable for a fungus-garden, and lays 
it in place with her head and front legs, like a mason 
handling mortar. As she does this, she continually probes 
the pellet with her antenne. Ina few hours, the mycelium 
of the fungus finds its way into this new manure, which has 
been so carefully prepared ; and by the afternoon it has 
already covered the pellets of triturated leaves which were 
formed and set in place that morning. 

Miller succeeded in making an admirable observation 
of A. Mélleri carrying out its whole routine, while fully 
exposed to the daylight, in a basin which he had surrounded 
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with petrol in order to hold his ants captive. This also 
enabled him to be an eye-witness of the formation of a 
fungus-garden, similar to that represented in fig. 120. In 
spite of Belt, it was always the medi and not the smallest 9 
which Moller saw skinning and compressing the leaves and 
constructing the garden with them. The pygmies were 
unable to do this, their mandibles being too short; they lie 
hidden in the smallest cavities of the fungus-garden doing 
something quite different; what that is we shall see shortly. 

On removing all the ants from a very neat fungus-garden 
Moller saw the mycelium of Acromyrmex grow within 
24 hours outside the garden, its filaments attaining a length 
of 2 cm. in two days. While in Colombia in 1896, I made 
the same observations with my Ata columbica in the cigar- 
box—as we saw above. The kohlrabi then disappeared, 
being absorbed by the mycelium, whose filaments then 
produced cellular swellings of their own, known as conidia, 
which are peculiar to fungi in the natural state and are 
also characteristic for each species. ‘The conidia must 
therefore not be confused with the kohlrabi, which are the 
product of an artificial culture by the ants, in spite of the 
apparent resemblance which is frequently noticed between 
these two kinds of swellings. Méller spent two years growing 
Acromyrmex fungus-gardens according to Brefeld’s method, 
that is, by means of appropriate cultures. 

Whenever some mistake enabled a few pygmy & to 
remain alive in Moller’s artificial fungus-garden he saw 
them working to prevent the mycelium from growing; 
they cut off its filaments, and re-established their kohlrabi 
garden as far as possible. But when they are too few, they 
have to flee before the growing mould, carrying the 
larve they wish to save. Hence they flee from their own 
work, which threatens to suffocate them. Even when about 
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twenty pygmy 9% succeed in preventing this suffocation 
occasioned by the presence of the mycelium, their frantic 
toil does not enable them to remove the spores from all the 
ordinary strange fungi, as they did to begin with, for these 
spores in their turn now invade the garden of Rhozites, in 
other words, its kohlrabi, and destroy the whole structure. 
Moller succeeded on his own account in inducing the 


Fig. 118 


kohlrabi to reproduce their species simply by growing them, 
without their mycelium, in his culture. They were not 
transformed into conidia. In a word, the kohlrabi are the 
product of an artificial culture of Rhozites gongylophora by 
Acromyrmex and Atta. As soon as the gardeners are removed, 
their gardens are transformed into ordinary mycelium, 


with conidia, etc. 
S2 
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covering, on four occasions, the definite adult form of the 
large fungus of Acromyrmex, Rhoxites gongylophora Moller, 
represented at only one-fourth of the natural size in fig. 118, 
taken from his own illustration. It is wine-red in colour, 
16-20 cm. high, with a cap which may attain a diameter of 
16 cm. It is an agaric belonging to the family of dmanita 
or Lepiota, and resembles 4. melleus and sguarrosus, with its 
scaly cap, which we eat in Switzerland. On each of these 
occasions it was planted in the milieu of the ants’ fungus- 
gardens. But this was not enough; it was necessary to prove 
that the kohlrabi of the ants was indeed the product of its 
mycelium. Miller first showed that-the malt-like odour of 
the full-grown fungus is identical with that of the miniature 
kohlrabi.. Again, the Acromyrmex fungus-garden immediately 
adhered every time to the base of the large mushroom- 
stems, as shown in fig. 118. Above all, Mdller succeeded in 
growing kohlrabi in his culture from spores carefully chosen 
from the very cap of an adult Rhozites or one of its fragments. 
All kohlrabi of this kind were eagerly devoured by Acro- 
myrmex disciger, niger and subterranneus. Moller also suc- 
ceeded in making his Acromyrmex eat the Rhozites cap itself 
in very small fragments, which they snatched up as he 
watched them. Finally, he managed to cultivate conidia, 
etc., identical with those growing on the mycelium, on a 
fragment of the base of the adult Rhozites which he took 
away. In short, no shadow of doubt remains as to the 
specific identity of the various forms of Rhozites: mycelium, 
conidia, kohlrabi and large adult fungus. 

Maller tells us that countless different kinds of leaves are 
cut by Acromyrmex. Nearly all plants yield them their tribute, 
though very rarely, it is true, in some cases. Generally, 
though not always, it is the plants cultivated by man which 
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suffer most. The leaves of a few imported plants, such as 
celery and gourds, are rarely cut, whereas Acromyrmex is very 
fond of certain indigenous plants. Grasses are nearly 
always spared. Maize-seeds, however, are sometimes 
stolen and utilized as manure for the kohlrabi. 


Fig. 119 


Apterostigma. Maller also studied the fungus-gardens of 
four species of this genus belonging to the Avtini: A. pilosum, 
A. Wasmanni, A. Milleri and A. Mayri v. discrepans, the last 
of which he calls 4.IV, for in 1893 I had not yet determined 
its identity. The fungus-gardens of Apserostigma were 
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discovered by Anna Brackes. ‘These ants are to be found in 
old tree-trunks, and build their fungus-gardens from fibres 
of decayed wood, caterpillar excrement, manioc-flour, etc. 
All the Aprerostigma grow the same fungus, but 4. Was- 


Fig. 120 


manni has carried the culture of this species much farther 
than the others by constructing distinct, separate heaps of 
kohlrabi, which are less perfect, however, than those of 
Acromyrmex. Fig. 119 represents the Argentine Apterostigma 
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Bruchi itself, and fig. 120 its fungus-garden, from a photo- 
graph by Dr. Bruch. 

A. pilosum lives in small colonies of 12-20 ants. It is 
very timid, and feigns death for a much longer time than 
the other species. Its fungus-gardens are hung in some 
crack in a decayed trunk, and surrounded by a protective 
sac which constitutes the entire nest and appears to be 
woven. This sac is only 3 or 4 centimetres in diameter; 
in reality, it consists of mycelial filaments, specially worked 
into shape after being pressed and cut off from the mycelium 
by the ants. Is it not surprising, dear reader, that ants 
should weave their sacs sometimes with the mycelium of 
a fungus and sometimes with the thread of their own 
larve, utilized as shuttles, as we shall see in the next 
chapter. Moéller’s observations on the construction of the 
fungus-garden and its sac were made with some captive 7. 
pilosum. He watched these ants eating their own kohlrabi, 
which are very imperfect, as well as those of the other species 
of Apterostigma, just as the various species of Acromyrmex 
borrow from one another. On the other hand, even after a 
long fast they disdained the kohlrabi of Acromyrmex and 
Cyphomyrmex. 

In a word, therefore, the Apserostigma do not cut leaves 
and do not march in line. They bear their burdens between 
their legs, not on their heads. Their & are all nearly equal 
in size and show no polymorphism. Their kohlrabi differ 
from the mycelium less than those of Acromyrmex, and are no 
longer in shape. By removing the ants Moller succeeded 
in this case also in growing the mycelium and its conidia, 
which are very different from those of the Rhozites. Hence 
it is clear that the Apserostigma also cut mycelium-threads in 
order to grow their kohlrabi. Moller did not give a name to 
the Aprerostigma fungus, whose definitive adult form he had 
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no opportunity of seeing, but, he says, everything points to 
the assumption that it is a member of the Agaric family like 
the Rhozttes. 

Cyphomyrmex. This is a genus of small Azini, one 
species of which, C. Wheeleri, is represented in fig. 122. 
Miller studied C. strigatus and auritus. Their fungus- 
gardens are neither suspended nor constructed in a sac, but 
are found in the same places and built in the same way as 
those of Apterostigma. Moller saw some belonging to C. 
strigatus which were 8 cm. in diameter, and some belonging to 
C. auritus which were 15. ‘They grow on wood, caterpillar- 
excrement, etc., like those of Apterostigma. ‘The two species 
cultivate the same fungus, which is, again, quite a different 
species from those of dpserostigma and Acromyrmex. But, 
here too, the species vary in their farming-arts, and C. 
strigatus is more advanced than auritus in her mode of pro- 
ducing kohlrabi. 

It can be easily understood, says Mller, that when the 
mycelium remains short but becomes swollen it is more 
agreeable, convenient and nutritious for the ants and their 
brood than a mould 
with long filaments. 
Thus the cultivation 
of fungus - mycelium, 
the regular cutting-off 
of the mould-filaments 
and their partial trans- 
formation into kohl- 
rabi in the phylogeny 
of the Attini can be 
explained by natural 
selection and the in- 
heritance of acquired characters. In this hypothetical 
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phylogeny Cyphomyrmex occupies the lowest rung of the 
ladder, Aprerostigma the middle rung and <Acromyrmex, 
especially 4a, the top. Fig. 117B represents a garden or 
rather medley of kohlrabi belonging to Cyphomyrmex 
strigatus. In those of C. auritus the swellings are still less 
marked, and the kohlrabi less abundant. These two species 
eat each other’s kohlrabi and refuse those of Apterostigma 
and Acromyrmex. The brood of Cyphomyrmex is housed in the 
meshes of the fungus garden, and so are those of Aptero 
stigma, Acromyrmex and Atta. 

Moller gives us no suggestion as to the kind of fungus 
to which the mycelium of Cyphomyrmex must belong. 

Moller’s researches reveal one fact of capital importance, 
namely, that the higher 4/tini, at any rate—Acromyrmex and 
Atta—are incapable of subsisting without their fungus- 
gardens, and that Khozites gongylophora, moreover, appears 
to be similarly circumstanced, that is to say, appears to be 
unable to live or reproduce itself without the 4sini. Here, 
therefore, we have a case of true complete symbiosis, in 
which neither of two living beings adapted to each other can 
live without its complement. For further details on this 
subject I will refer the reader to Chapter I of Part I and also 
to Chapter III of Part I]. We now pass on to later investi- 
gations. 

During my Colombian trip of 1896 I was unable to stop 
anywhere for a sufficient length of time to study the habits 
of the Atini. Apart from the large dia already mentioned 
above, however, I have made various short observations on 
- various species and genera, which are as follow: 

Acromyrmex octospinosus, found in the heart of the 
virgin forest while we were camping out in the clearing of 
‘Narancho,’ and at Dibulla. It builds its fungus-gardens 
without any openings, between the grasses and the 
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brushwood spines, but in the open air, as observed also by 
Goeldi. At Dibulla I found a nest in a hollow tree. 

Acromyrmex aspersus var. Santschii, of the forest near 
Sta. Marta. Its subterranean nest opens by a crater and 
possesses an unique fungus-garden, situated fairly deep down 
in the earth. 

The sub-genus Trachymyrmex is related to the typical 
Acromyrmex, but is fundamentally distinguished from it by 
the absence of polymorphism in the worker. Consequently 
all the 8 do the same kind of work in connection with the 
cultivation of their fungus, whose species is unknown. 
Possibly they still use—or, as we ought to say, have reached 
the stage of using—Rhozites gongylophora. In 1899 I found 
a fungus-garden of Tr. sepfentrionalts, as large as an egg, 
lying buried, but almost on a level with the ground, in North 
Carolina. The % carried fragments of this and even used 
them as defensive screens against me, and against the 
Cremastogaster which I placed in front of them. 

Tr. Marthez, found at Sta. Marta on February 1gth, 
in the shade of a mangrove, bringing flower-petals to its nest. 
This structure was mined in the earth, and opened adove the 
ground-level by an abrupt tube of masonry, similar to that 
of Tr. turrifex, represented in fig. 46 (Part IT) and to that of 
Millerius Landolti. | was obliged to dig 4 centimetres 
down to find the fungus-garden and the winged sexes. The 
fact that Tr. Marthe was carrying flower-petals seems to 
indicate that it begins, at any rate, by cutting them. 

Tr. Cornetzi, Irmgarde and Bugnioni, discovered by 
myself in the same regions of Colombia as Tr. Marthe, 
nest in the same way and form a slight transition to Myrmico- 
crypta, which also belongs to the Aztini. 

Mycocepurus Smithit, I came upon a polycalic formi- 
cary of this species at Dibulla in Colombia, in some sandy 
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soil at the foot of a bush. The nests had several craters, and 
their fungus-gardens were somewhat ill-formed and shallow 
but very neat. Mycocepurus drags home dry leaves and 


Fig. 121 


caterpillar excrement. According to Miller, its mycelium 1s 
different from Rhozites gongylophora. 


I found Cyphomyrmex atratus in a decayed trunk, but I 
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could not discover fungus-gardens belonging to either this 
species or C. minutus. 

Sericomyrmex Diego. 1 found this species on March 
3rd, 1896, in the humus of the forest at Don Diego, 
at the foot of the Sierra Nevada of Santa Marta. The nest 
had a crater composed of large earth-grains. Under the 
ground these ants had built a beautiful fungus-garden two 
centimetres deep. The S. Diego gathered small green 
masses of vegetable substance, resembling an alga, and 
combined it with other débris to make her fungus-garden, 
in which I found $ and winged g. 

While I was in Burghdlzli-Zurich in 1894, Mr. Urich of 
Trinidad sent me some live Acromyrmex octospinosus, with 
their fungus-garden. I managed to keep them alive for a 
month, and used them in partial confirmation of the perfect 
accuracy of Moller’s observations. They hastened to dig 
themselves a charming round chamber in the earth, quite 
near the surface, and to transport their fungus-garden 
thither. 

Like Acromyrmex, but to a less extent than Atta, the sub- 
genus Méllerius has polymorphic § which cut leaves, from 
whose booty it makes its fungus-gardens. For fig. 121, 
which represents the vertical section of the subterranean 
nest mined by Mé/erius Silvestrii, we are indebted to Dr. 
Bruch. In the lower left-hand corner, in one of the lateral 
chambers of the left vertical, passage, branching down 
from above, a fungus-garden is distinctly visible.’ On 
comparing this figure with fig. 112, which represents the 
granaries of Oxyopomyrmex, after Santschi, every reader will 
be impressed by the analogy between the arrangement of 
these granaries and that of the fungus-gardens. 

Wheeler agrees with me in regarding Cyphomyrmex as the 
most primitive of the Atini. At one time he even declared 
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that the fungus-gardens of C. rimosus were only temporary. 
He tells us that this species builds its nest under wood or 
stones and manures its fungus-gardens 
with caterpillar excrement. They are 
built in compact, yellowish, irregularly 
polygonal or pyriform bodies, measur- 
ing 25—55 millimetres in diameter, and 
these masses consist of elliptical cells 
similar to those of the yeast plant 
(Saccharomyces). Wheeler has drawn 
this fungus, which he has named 
Thiridiomyces formicarum. 

C. Wheeleri, of fig. 122, is a noc- 
turnal Texas species which picks up 
small fragments of plant-débris and grows upon them a 
snow-white, flocculent mycelium, as well as masses of kohl- 
rabi. These small fungus-gardens lie on the floors of small 
dilations in the earthen galleries which make up the nest. 
Those of both Cyphomyrmex and Mycocepurus are irregular, 
and never suspended. 

Mycetosoritis makes small vertical passages in the sand, 
as much as 75 cm. in depth. These passages suddenly dilate 
to form 2—4 round chambers, 1- 3-3-4 cm. in diameter, in 
which the garden is hung from a rootlet, arranged by the 
ants for this purpose. 

According to Wheeler the fungus-garden of Trachy- 
myrmex is pendant, like that of Mycetosoritis and Aptero- 
stigma, which it resembles, save that in the case of Tr. 
septentrionalis it is more regular and spread among various 
chambers of the branching passages. The mined nest of 
these various ants is surmounted by either a tube or a crater. 

Von Ihering thinks that the cultivation of fungi by the 
Attini must be derived from the harvesters by a transference 
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of appetite from the hard seeds to the delicate fungi, and 
Wheeler considers that the analogy we have just pointed 
out between the fungus-gardens and the granaries of 
Oxyopomyrmex renders such a hypothesis very tempting; for 
my part, however, I remain very sceptical in this respect. 
The nearest relations of Cyphomyrmex and Mycocepurus are 
not the harvesters, but other genera, Basiceros, Proatta, etc. 

CoLtony-FouNDATION AMONG THE Arttini. This brings 
us to the origin of the Aitini colonies. In Part III, Chapter II, 
where a similar subject was discussed in connection with 
other ants, we decided to reserve the answer. So here we are 
faced by the perplexing question: Does the first Rhozztes 
garden owe its origin to the colony-queen, and if so, in what 
way? 

In 1894 Sampaio discovered the queen with a fungus- 
garden in an incipient formicary of Atta sexdens. But Ihering 
was the first to prove this all-important fact: when any 
virgin Atta sexdens 9 leaves her nest for her nuptial flight, 
she takes with her in her buccal pocket (Fig. 5D, Part I) 
a small pellet from the fungus-garden, half a millimetre long, 
the unexpelled refuse of her last meal. ‘This, then, is a dowry 
which she takes from the maternal formicary without asking 
permission. Directly she is fertilized she does as nearly all 
® ants do—rids herself of her wings, digs herself a chamber 
in the soil or humus and shuts herself in it. But there her 
first care is to spit out her pellet of hyphe into a corner of 
the chamber. Our Camponotus, Lasius, Myrmica, Messor, 
etc., do nothing of this kind. Like them, she lays eggs; but 
side by side with the eggs a pretty little fungus-garden can 
be seen gradually springing up—a very dainty thing, which 
Madame Ata tends like the apple of her solid composite 
eyes, and much better. She tends it like a lady who is 
growing a geranium in her window-bay; in other words, 
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she pampers it as an old maid tends, combs and fondles 
her cat, and on no account will she eat a morsel of it. 
This fungus-garden flourishes, 
passing through the three 
stages which we see in figs. 
i2 a lea and 225 (Acro- 
myrmex Lundt), after the ad- 
mirable original photographs 
twenty-five times enlarged, 
which their maker, Dr. Carlos 
Bruch of La Plata, was good 
enough to send and allow me 
fee uulizeesncre. Hig, -12.3 
represents the beginning of 
the garden, soon after the 
pellet is thrust out. In figs. 124 and 125 we see some eggs 
laid by the 9 and placed close against the garden. 

But what does the queen use as food for this crop? 
Ihering and Goeldi thought that she took some of the eggs 
she had laid, crushed them and made them into manure. 
Many of the eggs which are laid do presently disappear; 
Nevertheless, these authors were wrong. 

We are indebted to the classic researches of Dr. Jakob 
Huber, a young Swiss, Dr. Goeldi’s assistant in the Goeldi 
Museum at Para, for elucidating the matter and watching 
the initial formicary founded by an 4ita sexdens 9, until the 
very last stage in its development. 

J. Huber and Goeldi were the first to observe the way in 
which 4a feeds its larve from the fungus-garden. In 1905 
Goeldi constructed a glass-covered artificial nest which 
enabled every movement of the colony-queen in her chamber 
to be observed. It was with this and similar apparatus that 
J. Huber made his meticulous observations, continued from 
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day to day. Asa rule, the fertile dita 2 fight and mutilate 
each other when put together. Once, however, Huber 
managed to induce an alliance between two of them, which 
even joined forces to build their fungus-garden until the 
8 were hatched. 


Fig. 124 


The day after the nuptial flight the 8 spits out the con- 
tents of her buccal sac, which constitute her dowry, into her 
natural or artificial chamber. Here we may note that the 
buccal pocket of the ¢ which flew away with her is always 
empty; these § take no dowry with them, as Huber has 
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-§ mm. in diameter, and scarcely visible against the floor 
of the chamber, but by pulling the mouth of the 9, Huber 
succeeded in inducing her to emit under artificial conditions. 
On the third day he saw that five or six eggs had already been 
laid, and the pellet at their side had become white with 


Pig. 125 


mycelium filaments, forming a little ball 1-2 millimetres in 
diameter, like that in fig. 123—-which, we must not forget, 
is magnified twenty-five times. During the days that follow 
Madame Zita divides this little ball into several fragments, 
as seen in figs. 124 and 125, and the number ot eggs laid 
increases irregularly to ten a day, for ten or twelve days. 
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The eggs, which at first were kept separate, are now placed 
on or among the flocculi. 4. sexdens has more than a hundred, 
but Acromyrmex Lundi of fig. 124 and 125 has much less. 

In 14-16 days’ time the larve begin to appear and the 
fungus-garden becomes 1-2-1-5 cm. wide. ‘The first 
nymphs are seen about a month after the Q enters the 
chamber, and they are 1-5-3-5 mm. long. The fungus- 
garden then attains a length of 2 cm. and at last begins to 
produce kohlrabi clusters. A week afterwards there are 
about thirty nymphs, the first of which are ready to hatch. 
These are pygmy %, which at once begin to tend the larve 
and nymphs, like the Q, and eat the kohlrabi, as their mother 
has never done. Sometimes the entire development is 
slower, and may require more than two months. 

But how do the fungus-garden and brood. of the 4éta 
queen contrive to increase to this extent? After observing 
the Q for several hours, Huber saw her tear off a small 
fragment of the fungus and hold it against the tip of her 
gaster, which is bent forward for this purpose; at the same 
time she emits from her vent a clear brownish drop which 


Fig. 126 


is immediately absorbed by the tuft of hyphe. Fig. 1264, 
taken from an original photograph by Huber, shows this 
performance on a life-sized scale. Having thus manured 
the fragment with her own excrement, the Ata Q thereupon 
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places it in some part of the fungus-garden, as shown in 
fig. 126B, compressing it between her front legs as she does 
so. The fungus absorbs the manure more or less rapidly, 
and the yellowish remains of these droplets can often be 
seen in several places on a fungus-garden. Huber says that 
a performance like this is usually repeated once or twice 
an hour. When a piece of fungus is given to a fertile 41a 2 
which has not hitherto possessed one of her own, she probes 
this unexpected gift with her antenne, in evident excitement, 
divides it into several fragments, and begins in a few 
moments’ time to manure it with her excrement in the 
manner described and illustrated above. 

It is certain, therefore, that the growth of the fungus- 
garden is due to the manure supplied by the ita 2, con- 
sisting of her excrement, probably enriched by the secretion 
of some gland, rectal or otherwise, and according to Huber, 
this manure lasts as long as the cenobitic phase of the colony- 
queen’s life. 

But that is not all; Huber attentively watched the egg- 
laying process, and ascertained definitely that no sooner has 
Madame 47a laid an egg, which she does constantly, than 
she probes it, puts it in her mouth and swallows it without 
further ceremony. She even licks her legs blissfully when 
this operation is finished. Huber calculated that during the 
first period of incubation the 9 swallows at least two eggs 
an hour, and lays about fifty a day. Assuming that forty 
days elapse before the first & hatch, he estimates that about 
2,000 eggs are laid, and that accordingly 1,800 are 
swallowed, as against a bare 200 which are reared as larve, 
nymphs and %. This, dear reader, is indirect adelphophagy 
(see Part III, Chapter II) in the form of ovophagy 
(swallowing of one’s own eggs), and at this stage it begins to 
be of serious account. When all is said, therefore, the Arta 2 
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feeds her progeny and fungus with substances produced by 
her own body, especially by her large, fat abdomen and 
the strong re-absorbed muscles of her fallen wings. These 
substances are transformed into manure for the fungus and 
into eggs which are laid and then eaten or raised into larve. 

But over and above this Huber managed to see how 
Madame ita feeds her larve directly with the eggs she lays 
(direct adelphophagy). She strokes a larva with her antennz 
until it opens its mandibles; she then seizes a new-laid egg 
and thrusts it against the larva’s mandibles, and on to its 
gaster, whereupon it is eaten. If the larva is young and 
small, the 9 then gives the rest of the egg to a second larva, 
but if it is large it consumes the whole egg in three to five 
minutes. Huber saw four eggs administered to various 
larve in two hours, and on one occasion even eight in the 
same space of time. He never saw the 2 eat kohlrabi 
clusters from their gardens or give them to their larve. 
Madame Ata is a good gardener, but she never eats kohl- 
rabi, even from other nests, while she is the mistress of her 
own house. She can also rear her brood without fungus, as 
Maller once managed to observe while watching an arti- 
ficial nest till the workers were hatched. 

With the appearance of the first small § (2-3 mm. long), 
the scene begins to change; the $ take charge of the nymphs, 
and for a certain length of time they also continue to feed the 
larve and their common mother herself with the eggs she 
lays. Like this queen on a small scale, they manure the 
fungus-garden with little drops of their excrement—a very 
amusing performance to watch, so Huber tells us. But on 
the other hand they begin to eat the kohlrabi on their own 
account, and sometimes several set to work to suck the drop 
from one of their number, after manipulating it between 
their mandibles, 
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About nine or ten days after the first 9 are hatched larger 
8, 4-5 millimetres long and with larger heads, come out in 
their turn from their nymph-skins. Not until this moment 
do the & of all sizes begin to mine the earth in several 
directions at the same time, building passages about 
2 millimetres in diameter to bring them to the surface and 
form a crater which opens outwards. At this moment Huber 
presented them with some rose-leaves which the largest 
instantly began to cut up in a most methodical fashion, by 
an innate instinct. Such were the first stages in the definitive 
construction of the fungus-garden, seven weeks after the 
queen began her cenobite life. 

Goeldi was the first to observe the manner in which the 
pygmy §% sow the mycelium and its spores on the smallest 
fragments of leaves, which have been cut and re-cut by their 
big sisters. The workers then cease to manure the fungus 
with their excrement. The mother, for her part, finds some 
difficulty in accustoming herself to the new method, and 
seems as though she were sulking in a corner. She is no 
longer allowed to eat her eggs, which are taken from her as 
soon as she lays them; and her cherished fungus-garden, 
reared as lovingly as any window-geranium, now grows 
without receiving manure from her! For the sake of peace 
she resigns herself to the inevitable, and is finally compelled 
by hunger to allow herself to be fed by the ¢ with the kohl- 
rabi and fungus which she has always delighted in 
licking but has never desired to eat. Goeldi and Huber 
saw this happening in the older formicaries. In short, 
she gradually sinks to the level of a ‘reine fainéante’ or 
laying-machine. , 

It is hardly necessary to say that the fungus-garden then 
grows larger and the & pierce large holes in it wherein to 
house the whole brood. In short, the nest gradually 
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develops like that of Atta columbica, which I have already 
described. 

I must own, however, that one point is not yet clear to me, 
and that is, how the fertile 9, the solitary guardian of the 
fungus-garden, prevents the mycelium from invading every 
point of the cell, like the one I saw spreading about my 
cigar-box in Colombia after the removal of the workers, 
and stifling her, as it stifled some % described by Moller. 
Huber never states that she herself cuts the mycelium 
filaments. Those shown in our figs. 123, 124 and 126, after 
Dr. Bruch, do not look as though they had been cut. This 
matter must be elucidated at some later date. 

Again, no one, so far as I know, has yet attempted to 
starve Attini and feed them with honey or dead insects. 
Assuming that 4tta and Acromyrmex will die of hunger rather 
than touch any such food, we do not know that this is also 
the case with the primitive /¢tini, such as Cyphomyrmex. 
There we have a few experiments still to be tried. 

Anyhow, you must admit, dear reader, that the life-history 
of the 4ttini, as revealed by such conscientious and distin- 
guished naturalists as Belt, Moller, J. Huber and Bruch, is 
among the greatest wonders known to us, in respect of 
adaptation by the natural phylogeny of instincts, produced 
by the symbiosis of certain ants with the fungi they culti- 
vate. The culminating point of this wonder is the way in 
which the fertile female rears, cultivates and manures, but 
omits to eat, the substance she brings with her as her dowry, 
which is destined eventually to support her posterity as 
well as that of the fungus. There are the patent facts, and we 
must beware of altering them to suit our hypotheses! 

While in Sumatra, v. Buttel-Reepen discovered the new 
genus Proatta, which 1s closely related to the true 4ttini, and 
lives in termite nests. But it does not grow fungi. 
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Brucu’s ReseaRCHES ON THE ATTINI 

Dr. Carlos Bruch has continued his admirable researches, 
which I may here summarize. He has just published some of 
them in Spanish (Estudios Myrmecologicos, Rivista dal Museo 
de la Plata, Vol XXVI, p. 175-211, Buenos Aires, 192 1). 

In the first place, with the aid of Dr. Spegazzini, he dis- 
tinguished the three species of fungi peculiar to the Argen- 
tine Attini and entirely different from Méller’s Rhozites 
gongylophora. 

1. Locelina Mazzuchi Speg., peculiar to the large 
Atta Vollenweideri. The cap of this enormous fungus may 
attain a diameter of 42 centimetres, and the whole may 
weigh as much as 3 kilogrammes. It seems to grow only 
on ita nests. 

2. Porontopsis Bruchi Speg., which grows on every nest 
of Acromyrmex (Miéllerius) Heyeri. Here Bruch is very 
emphatic, and declares that the fungus lives exclusively on 
and in the nests of Mé/erius Heyeri, which are never without 
it, and outside of which it is never found. 

3. Xylaria micrura Speg., which grows on the nests of 
Acromyrmex Lund. 

Thus it is plain that the more closely we study the matter, 
the more cases of symbiosis we find between various species 
of Attini and various genera of fungi. Bruch, however, also 
made other experiments. I had advised him by letter to try 
giving various 4/tini some honey to eat, and he obtained the 
following unexpected results. He had previously fed a 
formicary of Apterostigma Bruchi so well that numbers of § 
would come to him when he approached, take directly from 
him the caterpillar excrement he offered them on the end of a 
platinum pin, and carry it to their fungus-garden. But 
it was in vain that he offered them the débris of various 
plants, except a concoction of maté, which they promptly 
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utilized for their fungus, whereas they rejected all other 
leaves. 

After he had starved a colony of Acromyrmex Lundi for 
three days Bruch gave them a little honey on a sheet of glass. 
They soon began to lick it up, and continued thus for five 
to six minutes, without befouling themselves unnecessarily. 
They were then placed near another § which had also fasted, 
and she hastened to lick their mouths. These experiments 
were continued for nearly a fortnight. The ants which were 
fasting languished, and eventually died, but those which had 
been fed entirely on honey remained active and well. 
Hence it is clear that Acromyrmex can remain alive when fed 
on honey—a fact hitherto unknown. 

Bruch renewed his experiments with honey, and the 
result was identical. He then gave his starving Acromyrmex 
some sugar moistened with water. The result was remark- 
able; all the § gathered round the sugar and spent half an 
hour eating it; it was evident that they greatly preferred it 
to honey. Mutual regurgitation followed. 

An experiment with the white of an egg—a substance 
which the Acromyrmex seemed not to perceive at a distance 
with their antenna—was only partially successful. The % 
stuck in the middle of it. Afterwards, however, Bruch saw 
them licking the white of egg. On the other hand, they 
turned away in disgust and even made angry threats when 
Bruch offered them a ragout of mashed earth-worms. In 
contrast to this, they licked the juices of a beetle. 

He then repeated his experiments with the large species 
Atta Vollenweideri (see fig. 127). Figs. 115 and 127 show 
sections through the nest and fungus-gardens of the 
Argentine Atta Vollenweider, photographed by Bruch 
(who appears in person in fig. 127 to show comparative 
heights), using sugar and honey. The Asta were more 
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sociable but clumsier than the Acromyrmex. ‘They flocked 
round this unaccustomed food, licked it up and disgorged it 
to each other. A very similar result was obtained in the case 
of Apterostigma Bruchi with maté, sugar and honey. 
Summing up, therefore, we may say that the Azstini 
can be artificially fed, after fasting, with sugar, honey, a 
confection of maté, and even finely-ground insects or white 


of egg. 


Pigs 127 


This is evidently the result of an ancestral phylogeny of 
instinct, analogous with that of Szrongylognathus testaceus, 
cited in Chapter I of Part I, and towards the end of Part IV. 
Obviously the ancestors of the /¢tini must have fed on sweet 
substances and insects before they began to develop their 
instinct for fungus-growing 

We have still to learn whether the 4sini and their 
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colony-queens could manage to feed their brood with sugar, 
honey,scte. 

Dr. Bruch furthermore makes the following interesting 
observation on Acromyrmex Lundi. On December 11th the 
nuptial flight took place. A week later, as he was passing 
near the same nest, he saw a crowd of 9 running about with 
their abdomens cut off. Several of them were still being 
followed by their §, which were coming out of the nest- 
entrance; the abdomens of the Q were cut off behind the 
post-petiole. But whyr 

At the beginning of November he also saw some winged 
2 (virgins) of 4. Lund: walking among their § and gathering 
some fallen seeds with them. 

Finally, he imprisoned two fertile 4. Lundi 9 in the same 
chamber. By mutual agreement they made a garden 
together from a single pellet (which they had presumably 
ejected) in order to cultivate their fungi, and here they both 
laid their eggs. 


Chapter IV 
WEAVING ANTS 


It has long been known that certain ants, such as Chco- 
phylla, Polyrhachis (see Plate XV, a, 6 and c) and a few 
Camponotus, all members of the sub-family Formicine, dwell 


» Hig. 128 


in nests of finely woven silk. At one time, misled by 
Aitken’s faulty observations in India, I thought that the 
CEcophylla wove their silk for themselves with a secretion of 
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their own maxillary glands, hardened in air, as our spiders 
do, and as other ants apparently weave their carton. 


Fig. 129 


This, however, was an error. 
The truth—and a most 
interesting truth —was dis- 
covered in 1890 by Ridley, 
and afterwards confirmed by 
many other observers. Fig. 
131, borrowed from Doflein, 
and Bugnion’s more recent 
figures (128,129, 130), will be 
more efficacious than anything 
else in helping my readers to 
understand that the Bcophylla 
weave their silk by utilizing 
their own larve as a weaver 
. uses his shuttle. Every 
ig. 130 : : 
worker seizes a larva in her 
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mandibles, and, together with her squad of companions, 
which are doing likewise, carries it to a place between two 


Vigo 13% 


leaves, fixing its mouth to the edge of one leaf, as shown 
in the lower part of fig. 131. Meanwhile another squad of 
CEcophylla % pulls with all its strength to draw one leaf 
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towards the other, each ¥ grasping it by the one edge and 
hanging on to the other with all six legs at the same time. 
The final result of the workers’ admirably co-ordinated 
efforts may be seen in fig. 132, firmly connecting three 
leaves. The extremely close and regular silken tissue G spun 
by the larve and woven by the Gicophy/la 3 is depicted in our 
illustration. The best idea of the matter will be got from 
fig. 133, after Doflein, which represents in B an Ecophylla 
smaragdina larva with its enormous silk glands. By way of 
comparison, fig. 1334 shows a Tetramorium cespitum larva, 
which does not spin a cocoon; 
but Lasius flavus, which does 
so, has. silk-glands scarcely 
any better developed than 
those of T. cespitum. ‘This 
proves that the weaving of the 
nests exacts much more silk 
from the larva than the manu- 
facture of a cocoon, an opera- 
tion which only takes one day 
in an. ant’s<lite. Lhewsil k= 
glands are shown in fig. 133 
in dark stipple. When the 
Fig. 133 leaves are so far away from 
each other that their edges cannot be seized by the same 
CEcophylla 8, these ants form chains, each ant taking hold 
of another by the back of the petiole, until the first is able to 
hold one end of one leaf-edge in her mandibles, and the last 
to hold the other end of the other edge between her six legs. 
Both then pull the two leaves towards each other, while the 
other squad of ants weaves with its larvee, if necessary, 
utilizing the chains of the first squad as a bridge. Dodd has 
observed this last fact in Australia in connection with 
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G.virescens. Prof. Bugnion’s sketches are from his pamphlet 
Pcophylla de Ceylan (Bull. Soc. Zool. France, To2.): 

The extremely common nests of Ccophylla in Asia, 
Northern Australia and Africa are not artistic; these ants 
simply fasten a number of leaves together without weaving 
chambers. Among the leaves thus enclosed by the silken 
threads they casually spread their brood and winged sexual 
forms. We have here a fact almost unique in nature, except 
in man—the use of one living creature by another as a 
working tool. 

In the journal Tropenpflanzen, 23rd year, No. 5/6, 1920, 
p-142, Karl Friederichs relates how the natives of Eastern 
Asia, particularly Cochin-China, scrupulously respect and 
tend Qcophylla smaragdina, since it protects plants and fruit 
from the attacks of noxious insects, and have no faith in the 
other remedies of our European tree-growers. Friederichs’ 
own researches have led him to confirm, to a large extent at 
any rate, the opinion of the natives. He even thinks that the 
Gcophylla do useful work in removing coccids from oranges 
and cultivating them under their own care. I have serious 
doubts on this score, but for the rest I refer the reader to 
Friederichs’ interesting work. 

Fig. 134 represents the fabric woven by Polyrhachis 
(Chariomyrma) Ferdoni in Ceylon, with the aid of its larve, 
between the débris of leaves. The most industrious Cam- 
ponotus weavers undoubtedly belong to the sub-genus 
Myrmobrachys and the species senex. Goeldi sent me a nest 
belonging to this last species, which is a veritable gem. It is 
triangular in shape, 21 cm. high, ro thick and 18 broad 
at its base, and is perclred on the twig of a tree, between 
whose leaves it is woven. But far from being shapeless it is 
composed of a myriad little superimposed chambers, each 
about one centimetre broad by half a centimetre high. 


282 THE SOCIAL WORLD OF THE ANTS 


These chambers are connected by small columns and by 
walls, as in the nests built in the earth or woven out of carton, 
The extraordinary fact about it all is that the chambers, 
columns and walls are all finely woven of pure silk by the aid 
of larve! The tissues are close and firm though exceedingly 
light. Goeldi himself observed C. senex re-weaving, that is, 
mending, by means of 
the larve they held be- 
tween their mandibles, 
some of their chambers 
which he had slightly 
torn. I have the nest in 
my collection. Best of all, 
this nest contains in its 
interior another nest, 
built by Melpona, a 
small genus of American 
bees, and enclosed by C. 
senex between the fabric 
Fig. 134 of their own nest and the 
leaves on the twig. In 
this case, C. senex and Melipona were living in peaceful 
parabiosis. 

For varied work of this kind, the large genus Polyrhachis 
and its numerous sub-genera must be awarded the highest 
honours. Nearly all these ants construct all manner of nests, 
often forming infinite combinations but no mixtures, with 
carton woven by the § themselves; this I have been able to 
prove by an attentive examination made partly with the aid 
of a microscope. While weaving with their larve, indeed, 
ants cannot mingle with their fabric, in a single action, the 
particles of wood-rot, etc., which they stick together with 
the secretion of the mandibular glands. These two 


ee 
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operations are distinct, but, as we shall see, they can be 
artificially combined with the rest. 

In 1904 Jacobson noted how Polyrhachis (Myrmhop/a) 
dives weaves its nest by means of the slender larve which 
it holds between its mandibles, and repairs any breaches 
made in the tissue. Taking up the ant on a brush he drew 
her farther away from the nest, and obtained a good view of 
the larva functioning as a spinning-wheel. The nest of this 
ant, like that of Myrmobrachys senex, is composed of a 
number of chambers, but its brownish fabric is inter- 
mingled with the débris of leaves, dry stems, bark, etc., which 
she binds together as she weaves. It resembles a carton 
nest, though it is quite a different thing. Like that of P. 
(Chariomyrma) Ferdoni, depicted in fig. 134, it is perfectly 
supple, like cloth. Inside this nest P. dives, which is not 
carnivorous like Oecophylla, keeps coccids as milch-cattle. 
Jacobson found specimens between the leaves of a palm- 
tree, and also on the ground between grass-stems. Under- 
neath some leaves he also saw small succursals, serving as 
coccid-sheds, all woven like the principal nest. I will refer 
the reader, moreover, to Part II, Chapter VI, sec. 6, par- 
ticularly in connection with mimicry in the nests of Poly- 
rhachis (Myrmhopla) pressa. 

Here I merely wish to enumerate the variations and com- 
binations in weaving which we find in the nests of different 
species belonging to the large genus Polyrhachis, not to 
mention the sub-genera. From Java and Ceylon, in par- 
ticular, I have received a number of interesting Polyrhachis 
nests, sent me by Jacobson and Bugnion, most of them being 
unilocular (formed of a single chamber) and a few mu/tilocular 
(formed of several chambers). According to Jacobson, the 
Polyrhachis carry each other in the manner of the 


Camponotus. 
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I NESTS ENTIRELY WOVEN: 

Polyrhachis bicolor of Java weaves a unilocular nest, with 
very loose meshes, like a spider’s web, under a leaf or be- 
tween several leaves; a few fragments of dried leaves can 
just occasionally be seen caught up between the threads. 
According to Karawaiew, P. Miillert makes a very similar 
nest, though with a close woven fabric. 

P. simplex (spinigera) of India and Asia Minor weaves a 
unilocular nest of close, fine, light-red fabric, which, as 
Wroughton has proved, forms the lining of a cavity lying 
entirely underground. 


2 WOVEN NESTS COMBINED WITH VARIOUS MATERIALS: 

We have just described the multilocular nests of P. dives, 
and in Part II, Chapter VI, sec. 6, we described the mimetic 
nests of P. pressa, with their pillars. P. arachne of Java, 
Ferdoni of Ceylon, Dahli of New Britain, etc. make uni- 
locular nests of a very loose tissue, intermingled with plant- 
débris which are often fairly large like those in fig. 134, and 
situated on or under the leaf of an ordinary tree—a palm, 
bamboo, etc. 

P. rastellata, tibialis v. parsis, etc., of India and Java, make 
nests very similar to the above, but the fabric and more 
especially the materials are more compact, so that the day- 
light can hardly be seen between the débris bound up in the 
woof. 


3 NESTS COMBINED OF SILK AND CARTON: 

The unilocular nest of P. thrinax, furcata and Frauenfeldi 
in India and Java has such a strong fabric, woven in its leaf, 
and the carton covering the open interstices is so fine, that 
we may well ask whether it does not consist merely of pieces 
of very fine material, joined together by the fabric which 
covers them on the underside, and whether it is carton at all. 
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v. parvicella of Java, of hippomanes r. ceylonensis of Ceylon, 
Mayri of India, etc., the matter is much more obvious; a 
single chamber, usually large—sometimes very smal]— 
opens by one or several little holes. But if the nest be 
separated with great care from the leaf, a woven weft, which 
is all that covers the leaf, comes away with it. With the aid of 
a microscope this weft may be seen to continue under the 
carton. The ants must therefore begin by weaving the weft 
with their larve, and afterwards cover it with carton; I can 
scarcely believe that the inverse process is possible. 

P. Solmsi v. multicella of Java makes on or under a leaf 
some fair-sized multilocular nests composed of three or four 
large chambers, each communicating with the outside by a 
separate hole. The inner side of each is lined with woven 
silk, covered by rather fine and flexible carton—somewhat 
doubtful, like that of P. Frauenfeldi, thrinax, etc. 


4 POLYRHACHIS NESTS WHICH ARE NOT WOVEN OR DOUBTFUL: 

In Part II, Chapter VI, I have described the twisted tubes 
made by P. Zopyrus (Java) out of rolled grasses. P. Orpheus 
(Java) makes similar nests out of various débris stuck 
together, in which the weaving seems to me problematic. 
P. Liliane of Java and scissa of Ceylon do likewise. 

The nests of the African Polyrhachis are little known. I 
possess one made by P. Gerstackeri in a gall-nut. It is pro- 
bably lined with silk or carton, but its remains are not 
sufficient to make this certain. According to Dahl, the nests 
of P. Cyrus, arcuata and relucens, New Britain, are simply 
mined in the earth or between the roots of parasitic plants, 
and contain no silk or carton. 

There is one more genus of ants, Technomyrmex—this 
time belonging to the Dolichoderine—which possesses a 

U2 
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species living in small woven nests, imitating lichens. This 
is T.. bicolor r. textor, found by Jacobson in Java in 1909, and 
its nest seems like a reproduction in miniature of the 
Polyrhachis pressa nests described in Part II. It is 2 cm. 
long, 1 cm. broad and a few mm. high, and forms a single 
little pocket of woven tissue intermingled with plant- 
débris, covered with a greyish lichen and attached to the 
bark of a tree. 

How ants first began their weaving process is an in- 
teresting speculation. They are careful to clean off the 
earth which adheres to the cocoons spun by the larve. Now 
it is a well-authenticated fact that the thread which comes 
out of the mouth of Polyrhachis dives, for example, is 
viscous and often sticks to other threads, with which it forms 
bridges or anastomoses. Probably such facts as these may 
have led certain species to solidify their carton by the aid of 
the larve which were weaving their cocoons. Here we can 
only offer conjectures. But with regard to the origin or 
phylogeny of the instinctive art of nest-weaving by means of 
larve, we can here offer nothing but conjectures; so we 
should be wiser to hold our peace. 


Chapter V 
ANTS AS JANITORS 


I use the term ‘janitors’ with reference to the 21 or large 8 
porters whose special duty it is to guard the doors or open- 
ings of a nest, whether it be constructed in the earth or in a 
stem, or excavated in wood. Carton-nests, woven nests and 
ant-gardens have no janitors. All those with which I am 
acquainted belong to the Formicine or Myrmicine. 

Between the porters which are completely adapted to 
their office and the semi-porters, there are all possible 
transitions, and they in their turn, those half-adapted, show 
all sorts of gradations to the state of ordinary %; there is no 
clearly-marked limit anywhere. Yet the extremes seem almost 
miraculous. My readers should compare figure e at the top 
of Plate XIV, representing the head of the Colobopsis para- 
doxus worker of Brazil, with figs. f and g, one of which 
shows the profile and the other the front view of the head of 
this same &. They will hardly be willing to accept my 
assurance that these two heads belong to members of one 
and the same species, offspring of the same mother; yet the 
fact is incontestably proven. The rest of the two bodies are 
of the same brown colour and similar in every way. Whence, 
therefore, this extraordinary difference in colour and shape? 
Fig. 135 4 and B, which, it is true, represents another 
species, C. culmicola of Jamaica, provides the key to the 
riddle. Bamboos, which everybody knows, are hollow in 
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the interior like the Jamaican C/adium shown in our figure, 
but they are of a uniform yellow, not speckled. The nest of 
C. paradoxus is situated in a yellow bamboo of Brazil, 
identical with that shown in fig. 1354. It is pierced by a 
round hole, probably formed in the first place by the 
mandibles of the queen, whose head, with its yellow frontal 
part, is truncated and exactly like that 
of the 2}. Fig. 135B represents the 
head of the 2| or 9 closing the open- 
ing and imitating the colour of the 
stem. This, then, is the phylogenetic 
cause of polymorphism in the com- 
DICLEBDOLLCLS pe OFS. 

It was not till after many a fruitless 
search that I discovered at Vaux near 
Morges, about 1872, the nest of our 
European Camponotus (Colobopsis) 
truncatus. On the withered branch of 
an old pear-tree | saw a number of % 
of this species running towards some 
centre—a mystery to me—situated 
in the middle of the bark, while no 
other assemblage of the kind could be 
seen, either near the foot of the tree 
or about the top. Knowing nothing about the matter 
at the time, but stimulated to exceptional keenness by 
the ill-success of my endeavours to find the home of 
the Colobopsis, | began to observe their movements with con- 
centrated attention. All of a sudden, I saw a very small 
round hole stand out against the bark, and through this a 8 
promptly slipped in. But, immediately after, the black hole 
disappeared again, and I saw nothing but the brown rough 
bark of the pear tree. I thought the effect must have been 
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behaved in the same way, slipping into another little hole 
situated near the first, and appearing and disappearing in 
the same way. But this time I fixed the exact spot, and 
seizing one of those pins which an entomologist always 
carries about him, I buried its point cautiously in the hole, 
which immediately re-appeared. I then slowly withdrew 
the pin and saw the brown, truncated head of a 2| advancing 
once more to take its place as doorkeeper, whence my action 
had driven it away for a moment. 

This incident is illustrated in fig. 136, which shows the 
position adopted by the C. truncatus 2| as keeper of one of the 


Fig. 136 


nest-doors. In the same figure we see a front view of the 
sculptured part of the head, O% denoting the mandibles, 
Wa the cheeks, St the forehead (lower part of the epistoma). 
The nest in question, sculptured in the hard, dry wood of the 
pear-tree, contained about 620 &, in addition to some 2| 
and winged 9 and g. It had no communication with the 
outer world except by the two small round holes indicated. 
With my father’s permission I sawed off the dry branch 
containing the nest, which | afterwards presented to the 
Ziirich Museum. But C. truncatus is still more commonly 
found in the dry, hollow twigs of our walnut-trees, or the 
interior of gall-nuts. C. etiolatus of ‘Texas, represented in 
fig. 65 (Part II), nests in a similar manner, and likewise 
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admirably hides its entrances to the twigs and galls in an 
admirable manner by the brown colour and rough sculpture 
of the 2|’s truncated head. This is a much safer method of 
protecting the whole formicary than poison or sharp teeth. 

According to the species, the head of the 2| and 9 of 
Colobopsis and its kindred sub-genera may be shorter or 
longer and the epistoma entirely or only partially included 
in the truncated surface of the head. More important 1s the 
fact that the truncated anterior portion of the head is by no 
means always separated from the rest by a sharp groove, as in 
C. paradoxus, truncatus, etc., nor is it as flat and circular as 
those in Europe. A whole scale of fine gradations may be 
observed in the sharpness or bluntness of the edge or the 
complete or relative flattening of the front part of the head, 
until we come to the ordinary worker form. Gradations of 
this kind can be seen even in certain Co/obopsis, and also in 
the sub-genera Myrmamblys and others. 

In this way we pass gradually from the complete door- 
keeper 2| to the large $ with their great heads, which fulfil 
the function more or less incompletely and may be described 
as semi-porters. Forms like this are found in the medium- 
size § of Colobopsis Sommeri of New Caledonia, represented 
in fig. 137. This species, in fact, possesses all the tran- 
sitions between a & with an ordinary head 
and a 2| with a truncated and blunt-edged 
head. It is only necessary to observe our 
Camponotus herculeanus and fallax, for ex- 

Fig. 137 ample, to see how a large & acts as guardian 

of the nest-doors. She certainly does not 

close them entirely, and, moreover, she attends to other 
duties; her colour is neither that of the wood nor that of the 
earth; the adaptation is therefore very incomplete, but the 
factremains. Andeven the head of the C amponotus in question 
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is much more obtuse in front than that of the sub-genus 
Myrmoturba, for example, whose doors are much less 
regularly guarded. In Myrmamblys and its kindred species, 
on the other hand, the 9 semi-porters and large ¥ are clearly 
differentiated, and keep guard thoroughly. The front part 
of their head, which is obtusely but more or less distinctly 
separated from the back part by a curve of varying sharpness, 
sometimes already has a special adaptation, in the way of 
sculpture or colour, to the surroundings of the door. 

In Polyrhachis and the weaving Camponotus, however, 
there is no trace of a janitor or of polymorphism in the 
worker; so potent is the influence of habits on the form of the 
body, even when weighed against the real relationship 
between genera and species. By this means, a compara- 
tively recent phylogeny becomes insidious, concealing a more 
profound and ancient phylogeny by appearances which are 
due to adaptation to environment. Thus it happens with 
the ant-porters and semi-porters. 

Melophorus of Australia, one type of which can be seen in 
b, in the middle part of Plate XVI, Azteca sericea of the 
Dolichodering, and many Pseudolasius species have certain 
% with enormous heads, very different from the small §. 
But this head is not in the least truncated in front, and very 
little is known of the habits of these ants. Hence we must 
defer our judgment. We must, however, suppose, on 
analogy with the following genera, that these giant § fulfil 
partially, at any rate, the office of door-porters. 

The principal genera of the Myrmicing possessing 2, or 9 
with gigantic heads are Messor, Holcomyrmex, Pheidologeton, 
Oligomyrmex, Atta and Pheidole, and the sub-genera of this 
last; but in these cases, the head is scarcely ever truncated in 
front. We saw in Chapter II that the giant $ of Messor act 
as an internal police-force, in addition to crushing seeds. 
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This police-function also involves the guardianship of the 
doors, which I have observed in various 2, of Pheidole and 
the giant Aza %, particularly 4. levigata in Venezuela and 
Colombia, where their large heads may be seen posted in 
front of every nest-opening. 

In connection with the other genera mentioned above, I 
know of no positive observations on the subject which 
concern us here, but I think their circumstances are similar. 
In a few Pheidole of the sub-genus Elasmopheidole, the head 
is even truncated to some extent in front. 

Species which have no dimorphic workers and no 2| have 
ordinary % to guard the doors and close and open them 
frequently, morning or evening, according to the season. 
We have already described this in connection with Formica 
rufa, which bars her doors with materials, and other species 
which use earth. This was the starting-point from which 
the various polymorphic specializations began in the §, 
including, among others, that of the door-keepers in the 
genus Camponotus. 


Chapter V1 
THE RHAGOMYRMICINE 


The Rhagomyrmicine constitute the third section of the 
sub-family Myrmicine. We have mentioned them briefly in 
Chapter V of Part I, and also their three trides, the Cataul- 
acint, Cryptocerini and Dacetini. 

The curious forms of these ants can be seen in Plate XIV, 
a, b and c, showing the Zacryptocerus clypeatus 3, } and Q, 
and also in fig. 138 4, B and C, showing Cyathocephalus 
varians 3, 2 and 21, which represent the second American 
tribe of Cryptocerini: Plate XVI C shows the no less curious 
form of the third tribe, the Dacetini, which are represented 
by Orectognathus sexspinosus of Australia. As for the first 
tribe, the Cataulacini, the reader has had an opportunity of 
seeing it in fig. 29 Part I, which shows the two ass-like ears 
of a fossil ant, Otomyrmex Silvestrit. 

The first two tribes are very similar, and may be dealt 
with together apart from the Dacetini. Unfortunately we 
still know very little of their habits. The hard carapace seen 
in their 8, 2| and 9 is undoubtedly intended to protect them 
from other ants, as we saw in our first chapter in connection 
with a war between Cephalotes atratus and Eciton crassicorne, 
and also to protect them from other creatures. The countless 
spines with which their bodies are frequently furnished 
probably serve the purpose of rendering them indigestible to 
ant-eaters, birds, etc., which swallow them ; this I suppose 
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to be the case with Polyrhachis, shown in Plate XV, and with 
others. The question arises as to why their eyes are hidden 
under the rims of the head, usually in a deep groove called a 
‘scrobe,’ as shown in Plate XV and Fig. 138. 

Here, at least, I myself made a positive observation while 
in Colombia. In Part II, Chapter VI, sec. 4, we saw that the 
Cryptocerini generally make their nests in trees, and often in 
dead trees. As I watched certain Cryptocerus run along the 
trunk I observed that they scarcely ever went straight in 
front of them, as other ants do, but—often, at any rate— 
obliquely or laterally, one leg following the corresponding 
leg on the other side of the body rather than the forward 
movements of the two front legs. These Cryptocerus some- 
times even walk backwards. What may be the origin and 
aim of their curious motion I am unable to state, as I had no 
time to follow up my observations. We need scarcely doubt, 
however, that this oblique or lateral walk is intimately 
connected with the fact that their eyes, which are often very 
large, are so placed that they can only see sideways. 

Cryptocerus Eduarduli, which I dedicated to my grandson 
Edward Brooke, in Canada, was discovered in an Agomanhra 
brasiliensis trunk in Paraguay by Prof. Chodat, of Geneva. 
The nest contained %, 2| and winged 9. The most curious 
thing about this species, and, to a less extent, about some 
kindred forms, is that the eyes of the winged Q are much 
flatter and smaller than those of the worker, which is exactly 
the opposite of the usual state of affairs in ants. The worker’s 
eye, situated at the back under the frontal grooves, which it 
overlaps at the sides, is extraordinarily large and convex. 
That of the 2| is much less convex, but yet a little more so 
than that of the 9. How does this come about? Here I 
suppose that the § is an active creature which goes out a 
great deal and probably watches for prey on trees, while the 
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2, very different creatures with much more shiny bodies, 
turn their attention rather to guarding the nest-doors, and 
the nuptial flight of the 2, checked to a great extent, takes 
place in the immediate vicinity of the nest. All this, how- 
ever, is only conjecture. The Cr. si/ve 3, whose eyes are also 
very large and very convex, was gathered by myself in 
Colombia as it ran swiftly over the tree-trunks, but I could 
discover neither its nest, nor its winged sexes, nor the aim 
of its marches and counter-marches. There is urgent need 
of study in the habits of these ants. 

In the Colombian forest I saw a veritable army of large 
Cephalotes atratus %, with hard armour-plating, attack the 
nest of some wasps almost the same size as themselves, and 
steal the brood it contained. The wasps flew round and 
round, trying vainly to sting, and were overpowered. 

With regard to the purpose of the curious form of gizzard 
in Cryptocerus which we discussed in Part I, Chapter [V—a 
high degree of specialization amid the monotonous uni- 
formity shown by this organ in the rest of the Myrmicine— 
we know absolutely nothing. 

The 3 of the Cryptocerini are so entirely different from 
the 9, 2| and that they have been taken for another family 
of insects. I beg the reader to compare the § of Zacrypto- 
cerus clypeatus (a in Plate I) with its § (4) and @ (c), and also 
the $ of Cyathocephalus varians (A in fig. 138) with its 2 (B) 
and 21 (C); we will then see at a glance that they are as 
different as night from day, the wings and thorax alone 
indicating their relationship. I possess in my collection an 
enormous black 9 of Cepha/otes atratus, with a broad, square, 
bordered head, which perished in alcohol, and remains 
interlocked with her tiny husband. His head is minute and 
round and his abdomen is reddish. Hence the most scep- 
tical will be forced to believe in the specific identity of 2 and 
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 Cryptocerini which were actually taken together in the same 
formicary. Strangely enough, a totally different state of 
affairs obtains with the Cazaulacini; here the head of the 4, 
though small, is not at all unlike those of its Q and § in 
shape and in nature of its spines, etc. 

Lastly, a few Q and 2| Cryptocerini have heads which are 
not only broad but hollowed out at the top in the shape of 
a spoon or an oval plate, and closed, even in front, by the 


eae 
Fig. 1338 ABC 


two frontal ridges, which entirely cover the epistoma and 
mandibles when they meet. Fig. 138 B and C shows this 
singular phenomenon, which also awaits its interpretation 
as a result of further study of habits. The head of the 
Cyathocephalus varians § is not spoon-shaped, and_ re- 
sembles that of the ordinary Cryptocerus. It is therefore pro- 
bable that its 2| and 9, the sole possessors of the spoon-head, 
serve for some special office, probably analogous to that of 
the complete janitors in Colobopsis. 


THE RHAGOMYRMICINE 297 


The Dacetini. In addition to the illustration of Orectog- 
nathus mentioned above, I refer my readers to fig. 3C, Part I, 
which will show them the curious head of Daceton armigerum, 
a Brazilian ant. In Chapter II, of Part I, we described the 
curious double mandibles of Acanthognathus ocellatus, and 
told how Moller, while in Sta. Catharina in Brazil, proved 
that the short basal pair was used for transporting the brood 
and grains of sand, while the long, narrow terminal pair 
serves only for biting enemies, and probably causes the ant 
itself to leap backwards in the act. According to Mayr and 
Wheeler, Strumigenys saliens and other Strumigenys, as well 
as Daceton, leap in similar fashion with their long mandibles, 
the only ones possessed by these genera. The genus 
Strumigenys, moreover, has in its sub-genus Cephaloxys a 
complete range of transitions between the long mandibles 
seen in our illustrations and short mandibles furnished with 
a dentated terminal edge. 

Wheeler thinks that various species of Strumigenys live in 
lestobiosis with other ants under stones. It is possible that 
they use their long mandibles to catch the brood of these 
other species. Many Strumigenys, moreover, possess hairs 
terminated by clubs which are often shiny, as we saw at the 
end of Chapter II] in Part I. Hairs of a similar character are 
transformed in certain Cryptocerus into gold or silver scales. 

On the dome of an 4za nest in a piece of decayed wood in 
the virgin forest of Colombia, at the foot of the Sierra Nevada 
of Santa Marta, I myself found the race spei of Rhopalothrix 
Simoni, but I had no time to observe its habits. Rhopalothrix 
has ordinary broad triangular and dentated mandibles. 

To sum up, we have in the Rhagomyrmicine a vast field 
for biological observations on habits, by future experimenters ; 
this is a hint to those who live in tropical and subtropical 


countries, 


Chapter VII 
DIVERSA 


In this chapter I should like to combine a number of facts 
which are too disconnected and diverse to deserve a separate 
chapter for each, but which should not be omitted. They 
may be grouped under sub-headings. 


1 THE PonERINZ 


We saw in Chapters I and V of Part I that the Ponerine 
are by their phylogeny the most primitive of ants, the 
descendants of an unknown ‘pre-ant’ which must have 
existed in the earliest geological periods. And this is proved 
more and more by observation of their habits. 

Fig. 14 is an illustration of their mobile larve, which 
are very independent and have mouths supplied with ser- 
viceable jaws. Compared with those of the other sub-families 
in B and C of the same figure, it looks almost like some 
fierce animal by the side of children in swaddling-clothes, 
and Wheeler has actually proved that it devours unaided the 
dead or motionless prey which the & or Q place at its disposal. 
This seems to be the case with all the Ponerinz; so far as I 
am aware, no exception has hitherto been found. Even the 
larve of the Doryline (Ectton and Anomma) which I have had 
an opportunity of seeing are much less nimble and more 
dependent upon the § than those of the Ponerine, which are 
furthermore able to open their cocoons and come out of their 


DIVERSA 299 


nymph-skins, and thus hatch entirely on their own account. 
The 9 and J are equally capable. 

The exchange of social service, mutual understanding 
and antennal language are much less highly developed in 
general in the Powering than in the other sub-families. Their 
activity is much more individual. Except in the case of 
certain termite-hunts conducted by Ophthalmopone, Lobo- 
pelta, etc., and observed by Ilg, Wroughton and others, the 
Ponering have rarely been seen to act in concert, carry one 
another about and come to a speedy understanding with 
one another, as do the Dory/inz, whose habits were described 
in Chapter I. The partial exceptions I have just mentioned, 
however, prove that certain genera, especially Leptogenys 
(Lobopelta), Diacamma, Megaloponera and Ophthalmopone, 
possess the definite foundations of those remarkable social 
instincts possessed by the other sub-families. Among other 
matters I may refer to the mutual toilet operations carried 
out by the Diacamma § (Part III, Chapter III, 5). 

No genus of Ponering is capable of weaving, or of making 
earth-masonry or carton-nests; I do not know of any which 
even bore galleries in wood. All Ponerine nests which I 
have had a chance of seeing were simply mined in the earth 
or in decayed wood, without even possessing craters. Some 
species live in dry, hollow stems—Neoponera stipitum, for 
example, which I discovered under these circumstances in 
Colombia. 

To my knowledge, no genus of Ponerinz is able to rear 
aphids or coccids, or any other cattle. Ant-gardens are as 
completely unknown to them as fungus-gardens or seed- 
harvesting. , 

Negations therefore abound; but we do know that the 
powerful sting and strong mandibles of the Ponerine make 
them formidable enemies, especially to the termites; and in 
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spite of all, they invariably live in society, however old- 
fashioned and simple it may be. 

For precise observations of the Ponerinez, we are chiefly 
indebted to Wheeler. He has observed among other things 
the way in which Pachycondyla, Lobopelta and Odontomachus 
in an apparatus bring their larvae insects which they them- 
selves have cut into pieces, and watch the young creatures 
devour their prey. When one larve has nearly finished its 
meal, the piece of insect is carried to another, and so forth. 

Wheeler tells us that in the antique fauna of Australia 
the Ponerineg are dominant. Among them is the large and 
terrible genus Myrmecia, which, together with 4mbdlyopone, 
Mystrium and Cerapachys, is certainly one of the most 
primitive ant-genera. Plate XVI represents (@) the curious 
genus Mystrium. The genera Myrmecia and Phyracaces are 
depicted in our Plate I of Volume I. Phyracaces is closely 
akin to Cerapachys; its name being merely a transposition 
of the letters in the word Cerapachys. ‘Topper observed the 
nuptial flight of the 9 and § Myrmecia, which flew about his 
head in hundreds and covered the bushes in the neighbour- 
hood with their pairs. All the Ponering except Myrmecia, 
certain Lobopelta and a few Odontomachini, form small 
colonies, often consisting of thirty to a hundred individuals 
only. The § are all alike in shape and almost so in size, 
being just a little smaller than the 9 and a little larger than 
the ¢. 

Neither Wheeler nor I have ever seen the Ponerine 
regurgitate food to one another, in the manner of the two 
Camponotus depicted on our cover, though Cook declares 
that he has seen something of a similar character in Ecta- 
tomma tuberculatum of America. All the Ponerine feed on 
insects, but some of them have specialized tastes; certain 
genera delight in termites, as we read in Part IV, 
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Chapter IV, on the authority of Ilg, while others prefer 
millipedes, etc. 

The foundation of formicaries apparently takes place 
in the same way as with other ants, and is the work of 
isolated females; at any rate, so we must needs judge from 
certain careful observations of Wheeler’s upon Odonto- 
machus clarus in Texas, etc. 

In short, as I showed as early as 1903, in the Annals of 
the Belgian Entomological Society, p. 251, the Doryling are 
only an offshoot of the tribe of Cerapachysini, or primitive 
Ponering, which has become nomadic. They can no longer 
be considered, according to Emery’s old idea, as the most 
primitive stock of ants. Each of the other sub-families is 
directly descended from the Ponerine; of that there can be 
no doubt whatever. 

With this and my remarks in Chapter I, I conclude all I 
have to say as to the habits of the two first sub-families of 
ants, the Ponerineg and Doryline. 


2 Tue PsEUDOMYRMINI 


On the basis of his studies of the gizzard and the larve 
of ants, and also of their nutrition, as quoted at the end of 
Chapter V in Part III, Wheeler has thought fit to set up 
two new sub-families from the two tribes, the Cerapachysint, 
an offshoot of the Ponerine, and the Pseudomyrmini, an off- 
shoot of the Myrmicine. Emery and I considered that the 
question had not yet been thrashed out to a sufficient extent 
to justify such an innovation. 

Nevertheless, I must refer to the peculiarities of the 
Pseudomyrmini \arve, such’as their special gullet or Tropho- 
thylax with its food-pellet, and their stridulatory apparatus 
or Trophorhinium (Part III, Chapter V). 

However that may be, there can be no question that the 
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section I have entitled Promyrmicine, including its tribes the 
Pseudomyrmini and Metaponini, constitutes the primitive 
stock of the Myrmicine. As yet we know scarcely anything 
of the mode of life adopted by the Mezaponini. Metapone 
Greeni was found by Green in the galleries of a dead tree- 
branch in Ceylon, together with some termites, which it 
probably used as food. The habits of Pseudomyrma, on the 
other hand, are fairly well known. 

In Part III, Chapter III, I mentioned the provision made 
by certain ants for the exchange of food with one another, 
by means of nurses, or with their larve. In the latter case, 
Pedalgus and Pachysima are characteristic genera, Pachysima 
being a member of the Pseudomyrmini. ‘To this I may add 
that the trophothylax of Pseudomyrma sometimes contains not 
only insect-débris, but pollen from flowers and those bodies 
known as Belt-corpuscles, which come from the extra-floral 
nectaries of plants, so called because they supply nectar 
like honey or sugar on the leaves or stems of plants and 
therefore outside the flowers. Thus the Pseudomyrmini and 
their larve are no longer essentially carnivorous, like the 
Ponering, but omnivorous. In fact, as we saw in Chapter II, 
according to Horne Sima rufonigra of India even stores 
seeds like Messor. Sima and the Pachysima are the Pseudo- 
myrmini of the Old Continent. 

P. elongata, a species of Pseudomyrma, digs its nest in the 
earth, and I myself have found it in this situation. All the 
others nest in dry, hollow stems, in the manner described in 
Part II, Chapter VI, or in the hollow stems of living trees, 
as I explained in Chapter III of the same part. Specially 
remarkable cases of this occur in Pseudomyrma of the 
Triplaris, and also in Pseudomyrma of the Cordia and Tachi- 
galia, and in those living in acacia-spines. All these 
Pseudomyrma use their powerful stings, which have a very 
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painful effect, to defend the plant wherein they nest from 
the attacks of all other creatures, including the leaf-cutting 
Atta and Acromyrmex. \t matters very little whether this is a 
case of special adaptation by partial symbiosis between plant 
and ant, or merely a chance phenomenon; nothing alters the 
act. : 

Other Pseudomyrma, such as P. Kiinckeli, live in the dry 
branches of trees and have an equally terrible bite, of which 
I have had personal experience. On the trees of tropical 
America, the Pseudomyrma are in every respect the rivals of 
Azteca. 

The habits of the Sima and Pachysima of Asia and Africa 
are still very little known, but the narrow elongated and 
compressed form of their bodies points to the belief that they 
generally live in a manner similar to that of Pseudomyrma. 

The 9 of the Pseudomyrmini usually have heads and abdo- 
mens quite disproportionately long and narrow, much more 
so than those of their 9, which are always monomorphous 
and equal in size in every species. The exceptions, such as 
Sima rufonigra, which is a harvester and lives in the ground, 
only confirm the rule. The §% of Pseudomyrma filiformis is 
absurdly narrow, and the 9 has a long head with parallel 
edges; in brief, everything suggests that these insects 
usually live in narrow stems, like the cases cited above and 
dealt with in Part II. Seeing that the 9 is larger than the 
other sexes, if she is to live in the same stems as they her 
body must certainly elongate still more in proportion. Thus 
once again, dear reader, you see how the phylogeny of a 
creature’s body gradually adapts itself to that of its habits. 


3 Tue CREMASTOGASTRINI 


Here we have a very compact group, distributed through- 
out the world, except for the Northern Alps and the 
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Himalayas, and also the Antarctic fauna properly so-called. 
Figs. 99 and 100 (Part IV) show the typical form and 
motion of Cremastogaster and its sub-genera. The heart- 
shaped abdomen tapers towards its extremity and can be 
folded back over the thorax, even over the head. The two 
nodes of the pedicel are flattened from top to. bottom in order 
to help in the upraising of the abdomen. Its point is also 
very mobile, so that it may sprinkle the ant’s poison right 
and left upon any enemy that appears. 

The Cremastogastrini % are monomorphous, but never- 
theless they are pure Myrmicing.. Many of them make 
charming carton-nests on trees, such as those depicted in 
Plates V and VI; most of them rear aphids as cattle. In 
Part IV, Chapter V, we discussed the parabiosis of certain 
Cremastogaster with other ants, and this need not be dealt 
with again. 

It is extraordinarily amusing to observe Cremastogaster $ 
filing out to milk their aphids and returning. At the slightest 
alarm, these § wheel their bodies round with their abdomens 
upraised, especially when their crop is empty. We have 
seen how the African Cremastogaster which live in Acacia 
spines defend themselves from the raids of the 4nomma by 
placing the points of their abdomens together near the 
opening of the spine in order to sprinkle the aggressors with 
poisons. In Part II, Chapter IV, we also saw how that 
astute little humbug of a mosquito, Harpagomyia splendens 
depicted in Plate XIV deceives the worthy Cremastogaster 
(Physocrema) deformis and swallows a drop of her honey-dew. 
The PAysocrema instinctively regurgitates to the thief when it 
tickles her in an agreeable manner with its antenne. 

The reason for the broad and swollen epinotum of the 
sub-genus Physocrema is a rather interesting problem which 
has been solved by Smith and Bingham. These authors 
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have proved that in Physocrema inflata and deformis of India 
a sweet liquid is exuded through an orifice in this epinotum 
and licked up by other ¥. This, I presume, is a special 
secretion from the metathoracic gland, the equivalent of 
which will certainly be found in the American species 
arcuata and Montezumia. 

Another curious sub-genus is Oxygyna, whose tiny @ are 
sometimes scarcely larger than the %, and have curved and 
pointed mandibles very similar to those of Po/yergus, repre- 
sented in Plate III 3, 0, (Volume I) and fig. 106 (Part IV). 
The 9, on the other hand, have the ordinary dentated and 
triangular mandibles. As to the reason for this peculiarity 
in the Oxygyna 9, we have at present, unfortunately, no 
experimental proof, but it seems as though the analogy 
between this creature’s habits and those of the small para- 
sitic 9 of the genus Formica, described in Chapter II, 4, of 
Part III, would be as striking as that between its mandibles 
and those of the Polyergus and Strongylognathus § and Q. 
Hence I offer the following suppositions, to which Wheeler 
assents: 

a That the Oxygyya 2 are the parasites of other ants, 
probably other Cremastogaster, just as the Formica diffictlis, 
microgyna, etc., are the parasites of Serviformica. 

6 That their mandibles are probably used to pierce the 
head of the 9 whose nest they have invaded, after being 
adopted by the %, or possibly by the colony-queen herself, 
whom they proceed to kill. 

c That this is most probably, therefore, a case of tempor- 
ary parasitism on the part of the idle 9, whose hard-working 
progeny afterwards replaces that of the queen of another 
species—an insect capable of founding a formicary on her 
own account, as the little Oxygyna 2 is apparently incapable 
of doing. 
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Doubtless our successors will find out whether this is 
COrrect, On nor. 

The sub-genus Decacrema is very common in Borneo. In 
this island Haviland found several races of D. borneensis 
on the tree known as Macaranga, living in symbiosis with it. 
The Q of the sub-genus Azopogyna have long mandibles, 
pointed but triangular, dentated and crossed, especially in 
A. depressa; their special function is as yet unknown. 


4 Tue Genus PHEIDOLE 


The enormous genus Pheidole has exactly the same 
geographical distribution as the Cremastogastrini, but 1s 
distinguished from them by the extreme polymorphism of 
its 3, and its transition to other groups by way of kindred 
genera such as Ischnomyrmex, Ceratopheidole, Parapheidole, 
Novomessor, etc. Between the giant 9 and the small § of 
these kindred genera comes a medium-sized form, as in 
certain sub-genera of Pheidole, such as Anisopheidole and 
Elasmopheidole. The true Pheidole has a distinct 2,, without 
any transitional forms, entirely separate from the worker. 
By way of the genus Pheidologeton, represented in Plate III, 
a, b and c (Volume I), the tribe of Pheidologetini shows a 
striking analogy with Pheidole, while on the other hand it 
has gradations to the Solenopsidini by way of Oligomyrmex 
and déromyrma, whose worker is also polymorphic. 

Close to Pheidole we must place its parasites, the genera 
Epipheidole and Sympheidole, to which we alluded under 
headings 13 and 14 in Chapter VII, Part III. 

Fig. 3D, p. 42 (Volume 1), shows the elongated head of 
the 2| in Ph. /amia. ‘This head is sometimes longer and often 
wider than all the rest of the body. 

In Chapter II we saw that Pheidole is sometimes a har- 
vester, especially in India. But this is by no means invariably 
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the case. Pheidole Bergi of the Argentine, whose crater is 
shown in fig. 45.4 (Volume I), digs underneath this crater a 
deep passage whose subterranean chambers never contain 
seeds, but only the fragmentary remains of insects killed 
by this ant, as Dr. Bruch has proved. 

Other Pheidole, such as Ph. Sykesi, are exclusively grani- 
vorous, but most of them—the European PA. pallidula 
and the cosmopolite megacephala, for example—are omni- 
vorous, varying their diet according to place and circum- 
stance. 

The geographical distribution of Pheidole is identical 
with that of the Cremastogastrini. These two groups appear 
and disappear in the same countries or regions, in spite of 
the difference in their way of living. But Pheidole is an 
earth-loving ant ; I have never seen her in a nest that is 
either woven, or sculptured in wood, or made of carton. 
She digs in the ground, constructs masonry and sometimes 
builds circumvallations (Sykest, preusta, vallifica) or lives in 


the cracks of rocks (pallidula). 


5 Tree Ants 


Practically all we need attempt here is a recapitulation. 
We have seen how a large and varied assortment of ants 
nest in trees, sometimes simply under the trunks, in and 
under the bark of the branches and even the twigs, in 
hollows which are either natural or the result of approaching 
decay, or formed by artificial means, and sometimes in 
carton nests which they have constructed with a greater or 
less degree of art. We know that these nests, like the woven 
nests, are usually kept close against the trunks, branches, 
twigs or even the leaves of many trees and bushes (Polyrh- 
achis, Camponotus, Dolichoderus, Tetramorium, etc.) or maybe 
built between two of them. We have found that many 
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places which can be excavated, such as insect-galls and 
other injurious or natural excrescences of certain plants, 
their spines, the undersides of the leaves of climbing plants, 
even the space between two sides of a leaf that has been 
gnawed by a little grub, are used as nests by various ants. 
We have discussed the ant-gardens constructed on trees in 
flooded tropical regions by means of epiphytes of parasitic 
plants, and the way in which certain ants such as Azteca and 
Pseudomyrma, in tropical America, reign like queens, strong 
to defend, over the magnificent virgin forest and all the 
hosts of enemies that attack it, the worst of all being the 
Attini. \s this all? 

We are scarcely in a position to tell. what happens within 
the heart of the thicket, or, more especially, on the forest 
tree-tops where birds and monkeys rival the ants. We are 
too heavy and earthy for that. It may be that our aviators 
will some day find a way of perching down on the trees of 
the virgin forest. When this happens, but not until then, I 
should like to be resuscitated, and become an aviator myself, 
for the sake of studying how my little friends live up in 
those heights. 

As we wait for this paradise of the future, ants with 
gigantic eyes sometimes fall to the ground from the tree- 
tops and give us a glimpse of what their still unknown habits 
must be like. 

This was the case, apparently, with Gigantiops of Brazil, 
which, according to Albert Schulz, can leap from one leaf 
to the other. Very little is known about the habits of the 
Australian Opisthopsis. According to Mjéberg, O. Haddoni 
nests in termite-galleries and rufithorax between the roots 
of trees, in spite of the enormous eyes of both. On 
the other hand, Mjoberg discovered the huge Myrmecia 
Mj obergi living at a great height in the trees of the thick 
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Queensland forests, in the heads of epiphytes of the genus 
Platycerium. 

In 1916 the Jesuit Father Kohl discovered in the Congo 
forests some specimens of a curious § ant, completely 
antediluvian in character. Its eyes were enormous, and its 
gizzard, etc., proved it to be a co-representative with 
Myrmoteras of one of the most primitive forms of the 
Formicineg. \ts name is Santschiella Kohl. Its eyes 
covered nearly half the surface of its head, and it must have 
fallen from one of the trees in the forest. 

Dendromyrmex of the tropical American forest, with its 
great convex eyes and its carton nests on the branches, is 
also a tree-haunting ant and a companion of the carton- 
making Azteca. 


6 ANTS OF THE DESERTS AND THE STEPPES 


Here again, we must recapitulate. Fig. II (Volume J), 
depicted the psammophores (macrochetes) which are so 
characteristic of most desert ants, and in Part III, Chapter 
IV (4), we explained how they are utilized by these insects 
to lift and carry the sand. We also showed that several 
species of desert ants have a hollow on the underside of 
their heads, for the same purpose. 

In Chapter II, as well as in Chapter VI (42) of Part II, 
we described the deep granaries hollowed out by Messor 
arenarius in the Sahara, and also those made by Pogono- 
myrmex in the American plains. 

In Chapter III (7) of Part III, we discussed the nurses 
which are represented in fig. 80, 81, and 82. These nurses 
are especially common in the steppes of Australia and 
America, where, as we have seen, they are used as reserve 
water-bottles during the dry season. 

Such are the most distinctive and general characters of the 
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ants found in the deserts and steppes. They are very distinct 
adaptations to an environment in which water and vegeta- 
tion are rare and poor, and in which heat and drought are 
the determining factors. It is interesting to find that the 
most dissimilar genera, Camponotus (Myrmopsamma), Messor, 
Melophorus, Dorymyrmex, etc., are able to adapt some of their 
species to the desert, some to the steppe or prairie, and 
some even to the forest (Camponotus). 

Between the forest and the desert, we have all conceivable 
transitions—clearings, meadows, mountains of a more or 
less rocky character, and steppes. The ant fauna adapts it- 
self to all these environments, to their moderate or extreme 
temperatures as well as their degree of humidity. We have 
made the acquaintances of ant-species which are extra- 
ordinarily adaptable, such as Tetramorium cespitum, which 
sometimes lives in the Swiss meadows and in Norway, some- 
times in the African steppes and sometimes even in city 
streets. But we have also made the acquaintance of purely 
local species, exclusively adapted to a very restricted 
environment, like Messor caviceps of the desert, and Holco- 
myrmex Lameerei (Chapter Il) which rides astride her seed 
like a witch on her broom. 


At all times and in all places, dear reader, there are 
evolutional transitions! 


7 AciLe ANTs AND SLuccisH Ants 


Chapter VII (1) of Part IV, showed the advantage gained 
by R. sanguinea over the slow I. pratensis by reason of her 
nimbler and quicker tactics, and under the second heading 
of the same chapter we gave an exact estimation of the speed 
of a marching Polyergus rufescens army. But these speeds are 
only moderate; there are an infinite number of variations 
above and below them. Extraordinarily rapid as the march 
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of a Polyergus army appears to us, we can yet easily distin- 
guish every % in its ranks. 

But what shall we say of Jridomyrmex analis of the United 
States, Prenolepis longicornis, Macheromyrma bombycina of 
the Biskra dunes, even of our own Serviformica picea, all of 
which flash past like so many flying arrows, until no bodies 
can be seen, but only one line darting along like lightning! 
Their speed is truly phenomenal; I have never been able to 
measure it, but it must amount to nearly 50 cm. a second. 
How these feeble little creatures, excessively thin but very 
long-legged, and easily killed by the slightest pressure, can 
muster up enough strength to keep running at a prodigious 
speed which outwits all their enemies, seems an almost in- 
soluble problem. But beyond all doubt, this extraordinary 
speed is their strength, and the means by which the cos- 
mopolitan Plagiolepis longipes and Prenolepis longicornis, as 
well as [ridomyrmex humilis, have been able to swarm as they 
do in defiance of all other insects and of man, without the 
aid of wings. 

The agile ants mine their nests in the earth or sand, or 
else take up their abode in the cracks of walls or rocks, where 
their brood is safe, and whence they can slip out and pilfer 
from our gardens and kitchens, carry off small corpses and 
even attack small insects. 

At the other extreme, we have the sluggish ants. All ants, 
it is true, move more slowly under the influence of cold; but 
when they are weakened in this way they retire to their nests. 
Here I am speaking of those ants whose motions are always 
slow, even in warm weather. They put their trust in their 
hard chitinous armour, and are rarely aggressive, though 
we have mentioned a case in which Cephalotes atratus attacked 
a wasps’ nest. As a rule they feign death when interfered 
with, and sometimes roll up into balls like hedgehogs or 
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Australia, for instance, behave in this way. 

We have already mentioned our sluggish and peacefully- 
disposed Myrmecina graminicola of Europe, and its habits. 
But the slowest ants I have observed are Sysphincta and 
Proceratium. When one raises the stone or damp wood under 
which they shelter, these lethargic creatures make no 
attempt to run away, and scarcely even move. They merely 
contract their legs to a certain extent, like certain beetles, 
and remain motionless in other respects. I assume that the 
African Melissotarsus (fig. 87, Vol. I) must behave in a similar 
manner. The habits of the sluggish ants, except Myrmecina, 
have received very little study. 


8 JUMPING AND Projectinec Ants 


In Chapter III of Part I we described the mandibles of 
various forward and backward leaping ants. The latter are 
represented in fig. 3C and E (Volume 1) and in Plate XVI in 
this volume. Plate XIV K shows the curious mandibles of 
the only jumping ants which have fully justified their claim 
to the title. They all belong to the genus Harpeguathus. 
Wroughton, who observed them in India, assured me in 
writing that he had seen Hl. cruentatus making spontaneous 
bounds half a metre long and more, like grasshoppers. But 
it does this by bending its head underneath its thorax and 
jerking it sharply upwards again. Plate XIV K will make 
this matter instantaneously clear. The sting of Harpegna- 
thus 1s also cruel. According to Lowne and Froggatt, 
Myrmecia nigrocincta of Australia can leap 3 decimetres, 
but these authors do not say how it does so, whether with 
its head or its back legs. 


According to Wheeler (1922) all the 8 of Pristomyrmecia, 
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a sub-genus of the Australian Myrmecia, and also Myrmecia 
pilosula and nigrocincta take forward leaps an inch or several 
inches long, when they are disturbed, like Lilliputian cavalry 
on the gallop. AM these leaping species have thighs swollen at 
the lower end. Gigantiops exemplifies this peculiarity (see 
below) but the non-leaping Myrmecia (sanguinea, etc.) do not. 
It is obvious, therefore, that they leap by means of their 
thighs, as grasshoppers do. Wheeler makes this fact the 
basis of a new sub-genus Halmamyrmecia, including M. 
pilosula and nigrocincta. 

Bingham says that Harpegnathus and Odontomachus leap 
forward and backward only when frightened or disturbed; 
otherwise they walk like other ants. 

As we said before, the backward-leaping or “Tak’ ants act 
in a different way. Picture to yourself, dear reader, the closed 
mandibles of Odontomachus, shown in fig. 3E of our first 
Volume. These mandibles are open at their extremity, and 
they are separated in such a way as to form a single line 
perpendicular with the sides of the head, that 1s, precisely 
continuing its anterior edge on either side. This 1s the ant’s 
position of defence, adopted when it is protecting its door- 
way, for example, as in the case of the Colobopsis 2, or the 
large Atta 3. Then imagine that an object is thrust 
towards these open mandibles. Suddenly they close, 
striking the object without gripping it. At the same 
moment the ant leaps several centimetres backward, emitting 
a slight sound, a distinctly perceptible ‘tic.’ In doing this, 
the sole object of Odontomachus is to frighten the intruder 
or enemy, and not to bite severely. Two or three inward- 
curving teeth at the end of the mandibles are relatively 
sharp, according to species. They are also evidently used to 
carry the brood, etc., and to bite in good earnest when 
necessary. According to Schupp, an Odontomachus head 
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that has just been separated from the rest of the body is still 
capable of leaping backward. 

Hetschko and Mayr tell us that the Dacetini tribe of the 
Rhagomyrmicine (Chapter V1) has one species, Strumigenys 
saliens, which leaps in exactly the same way as Odontomachus. 
According to Mayr and Moller, dcanthognathus does the 
same. I do not think I shall be far wrong if I attribute the 
same faculty to the Dacetini in general, when they feel they 
are in danger. 

Finally, I will recall what we said above under No. 5 
while dealing with the Tree Ants, about Schulz’s account of 
Gigantiops destructor. In spite of their long legs and the 
distinctly swollen hind half possessed-by this huge-eyed ant, 
Schulz’s observation requires confirmation. We do not 
know by what means Gigantiops, which lives in the Brazilian 
forests, manages to leap from one leaf to another. It may do 
so in the manner of the grasshopper, by folding up its back 
legs, leaning upon its tibize and tarsi, and making the muscles 
of its swollen thighs play upon them. But here again we must 
wait, and not judge prematurely. In any case, the long back 
legs of Gigantiops are not without their points of resemblance 
to those of the grasshopper. 

After writing the above, I received from my colleague, 
W. M. Wheeler, certain personal observations which he 
himself had made at Kartabo, British Guiana—in 1921, I 
believe. They are enshrined in the Biological Bulletin, 
Vol. XLII, No. 4, April 1922 (Obs. on Gigantiops destructor 
F. etc.) and they make the matter clear. 

Wheeler and his son discovered two Gigantiops nests lying 
on the leaves between the nodes of Cecropias which had 
fallen to the ground and decayed. Their formicaries were 
small, comprising only 50-60 &, and the larvee were cocoon- 
spinners. Mann also recently found a Gigantiops nest in 
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Bolivia under the stones on the ground. It is therefore not 
an inhabitant of the trees, as was hitherto supposed. 

When a Gigantiops is pursued, Wheeler tells us, it jumps 
forward to a distance of several inches, with a graceful move- 
ment like that of a cat. Wheeler thinks that in order to do 
this it utilizes the swollen lower half of its thighs, grasshopper 
fashion, as I saidabove. Gigantiops jumps from leaf to leaf on 
bushes in a similar way. 

Gigantiops shows a striking mimicry of Neoponera apicalis. 
Wheeler has seen these ants carrying termites between 
their mandibles. 

With this account of jumping and projecting ants, we 
finally take leave of the specialized habits of our friends, and 
project ourselves into the Epilogue. I have designed this 
Epilogue to compare their lives with that of other live 
creatures in the realm of nature, especially with that of the 
termites and with our own human society. 


Epilogue 
1 Wuat is A Livinc CREATURE? 

To the little world of the microscope we give the name of 
microcosm. It is supposed that the microcosm of living 
creatures has been engendered by the chemical and physical 
atoms of a lifeless substance which we describe as amorphous 
or inert, though it often moves a great deal, as wind, fire, 
and electricity prove to us, for example, and though it 
sometimes possesses distinct forms for every chemical 
combination, as in the case of crystals. 

The first characteristics which distinguishes live creatures 
from lifeless things is this:*each of them belongs to a species, 
more or less distinct from thousands of other species—that 
is, from what we call the individuals of every species, the 
duration of whose ‘life’ may vary from a few hours to a few 
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hundred years. These individuals have the faculty of almost 
exactly reproducing the life of their ancestors, with all their 
complicated characters, by means of a single microscopic 
‘cell.’ The faculty in question is called heredity. The slow 
transformation of the living species themselves in the course 
of millions of years we call phylogeny and the progressive 
transformation of every living individual, from the cell 
which gave rise to it, we call ontogeny. This transformation 
takes place either by a simple process of sub-division or by 
germination. In complicated beings, composed of a number 
of cells throughout childhood and the adult stage, until 
death, it takes place by germination. We have discussed the 
phylogeny and ontogenesis of ants in Chapters I and II of 
panei 

There are, then, three fundamental facts which charac- 
terize all things that are alive and distinguish them from all 
that is lifeless. 

1 Each of them consists of a cell or number of cells. 

2 They all reproduce their species, either by a simple 
process of cell-division, when only one cell is present, or by 
the budding of a group of cells, or by germination, that is 
by means of one or two special cells described as genital, 
which have the capacity of reproducing all the individual 
phases of life in their species. The genital cells must there- 
fore contain in latent potential form all the present and 
future hereditary characteristics of the individual to which 
they give rise. If germination takes place from a single 9 
cell, it 1s called parthenogenesis, but if it can only take place 
through the combination of the @ nucleus with that of 
another cell denoted by J, it is called sexual reproduction. 
The second condition is the invariable rule in man, but not 
in ants. In the case of the living creatures which we call 
primitive, and which consist of a single cell (microbes, for 
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example) it sometimes happens that two cells meet each 
other by chance, and each exchanges half its nucleus with 
the other; this process takes the place of sexual reproduction 
by the 3 and 9 cells of more complicated beings. 

3 Hence the fact of specific heredity, which is proper to 
all living things, is the fundamental fact distinguishing them 
from all lifeless things. So long as we are unable to manu- 
facture by artificial means a living cell with all its specific 
heredity, every hypothetical attempt to derive life from 
amorphous or inert atoms is doomed to failure, like the idle 
discussions between ‘vitalists’ and ‘mechanists,’ each of 
whom imagines that he can explain life in his own way. 
Here, as before, we must learn to hold our peace and wait. 

The whole problem of life, therefore, depends on that of 
the living cell, which people such as Heckel once imagined 
to be very simple. This was a fundamental error. But since 
then our scientific conceptions have changed. When I was 
studying at Lausanne, between 1862 and 1868, nothing 
about the evolution of living creatures was as yet being 
taught, and Cuvier’s theory of deluges, which were supposed 
to have destroyed all life on earth in successive catastrophes 
that God might create it anew, was not yet discountenanced 
in the schools. In physics and chemistry, moreover, our 
teachers at college still told us in all good faith that lifeless 
substance consisted of two distinct units, the indivisible 
atom and the molecule formed in various ways by congre- 
gations of atoms. I must own that I never succeeded at the 
time in getting the dogma of the indivisible atom into my 
head. In fact, no sooner had I the engraphic image of such 
an atom than I could see it cut in two or four again by the 
ecphory of my inductive logic, in face of which the notion 
of indivisibility remained as unintelligible as Chinese. 

Soon, however, I read Darwin’s Origin of Species, and his 
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proof of the slow evolution of living creatures by phylogeny 

delivered me from the nightmare of successive deluges. ‘Then 
came the discovery of radium, which freed me from my 
other nightmare, the indivisibility of material atoms. Our 
modern ions and electrons now dance in infinitely divisible 
‘matter’ and in an equally metaphysical ‘infinity.’ In other 
words, this infinity is no less incomprehensible or immeasure- 
able for our brains than the essence of matter itself, or than 
all that we imagine under the ‘infinitely’ diluted terms of 
our abstractions—which therefore claim to be ‘absolute’— 
‘God,’ ‘ Universe,’ ‘Soul independent of the living body,’ 
Clic Ctcy eA mien! 

After this humble confession of our ignorance, made not 
to a priest, a mere human being like the rest of us, but to 
ourselves—let us return to known facts and begin with the 
cell. Glance, friend reader, at the cell represented in fig. 17 
(Part 1). It is bathed in’ the white blood of the ant, and 
receives oxygen from the air through four small trachee. 
From these two things its protoplasm elaborates a com- 
plicated chemical poison, eliminating by way of the kidneys 
(Malpighian vessels) all the useless refuse of its chemical 
activities. We have seen how the Do/lichoderine use this 
poison, the product of their anal glands. 

Now this single cell, dear reader, reveals a number of 
things to us: 

In the first place, present-day research is proving to us 
more and more that, however microscopic the cell may seem 
to us, it is a little world of infinite complexity. In its own 
way this little world has almost as many varied complications 
to show us as the different animal species and multicellular 
plants (those composed of many cells) exemplified so often 
by the ants about which we have been reading. Consider 
the significance of the infinitely large and infinitely small. 
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Compare the systems of stars and countless suns with our 
puny globe, which seems to us so huge—in spite of Jules 
Verne’s 80 days, now reduced to 30. Then compare our 
self-styled human greatness with that of the ant and the cell. 
All then is relative. And now that science has rejected the 
indivisible atom, imagine the cell as a great world, a monster 
which has gradually attained to a state of extreme complexity 
at the expense of all kinds of organs, which the increasing 
power of our strongest microscopes, and even our ultra- 
microscopes, cannot reach. 

Lastly, read or re-read Voltaire’s famous Micromegas. 
Thus will your aspirations become more modest, and you 
will learn to bow the head before the Unknown and Infinite. 

In the second place, you will now understand how the 
microscopic reproductive cell from which you yourself are 
born, the ovum of your mother combined with the sperma- 
tazoén of your father (see Part I) has actually managed to 
contain as latent (hidden) force all the hereditary dispositions, 
whether bodily or mental (é.e., relating to the cerebral 
functions), that belong to your cherished self. These here- 
ditary tendencies of your ontogeny have been accumulated 
in your phylogeny by all your human and animal ancestors 
for countless millions of years, lost in the darkness of time— 
a darkness which in its turn is infinite. The ontogeny of the 
individual is short, and can be observed in its entirety for 
each species. But the phylogeny of species is very slow in 
comparison with our short life. We can submit none of it to 
proof, therefore, except a few of its last branches. 

These few first facts show you the absurdity of dogmas 
which speak of a ‘simple cell’ as the origin of life, descended 
from a simple solution of lime or some such substance, like 
Heckel’s famous monera. Nowadays we are forced to own 
that we know absolutely nothing about the origin of life, which 
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most probably took place or maybe 1s still taking place in a 
sub-cell or pre-cell much too microscopic to be within reach 
of our present means of investigation. However, the future 
still certainly has in store for us a number of surprises which 
no lame hypotheses have the right arrogantly to anticipate. 
It is claimed that the germs of life have been found embedded 
in meteorites from stars beyond this earth, and who shall 
say that this is not true? 

In the third place, we must not forget that only the cells of 
unicellular creatures (those consisting of one cell), like 
microbes and amcebex, and the reproductive cells, whether 
fertilized or not, belonging to all other living creatures, 
possess in potential form the entire hereditary make-up 
of the individual produced from them. The other, non- 
reproductive cells of multi-cellular creatures, at any rate 
those of the somewhat higher animals, such as ants, are 
incapable of reproducing the whole creature, whereas 
cuttings from plants can do so. Why should this be? It is 
because in animals they have been differentiated more and 
more as various organs: muscles, nerves, special glands (as in 
fig. 13, Vol. I), kidneys, blood, skin, etc. The cells of these 
organs, being adapted to their special functions, have 
gradually lost the power of germinating, that is, reproducing 
the whole individual. But they have not therefore lost their 
hereditary peculiarities, since they reappear in every 
individual ontogeny with faithful reproduction of the form 
and function possessed by the corresponding cells of their 
parents and ancestors. It is by means of these specialized 
cells that every animal species reproduces the shape, hair, 
internal organs, colour and even movements of former 
generations with such minute exactitude. And it is by means 
of this exact reproduction that the natural history specialist 
can infallibly determine the species of a certain little ant, 
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for instance, which is sent to him from Australia, let us say, 
or Tonkin, or the Antilles. 

The ‘heredity’ of specialized cells is reproduced, therefore, 
not by the cells themselves, but through the medium of 
germinative cells, which contain all their specialized peculiar- 
ities in latent potential form. For instance, the germinative 
cells of the fertilized Q ants contain all the peculiarities 
of the © and 2|. We must admit, therefore, that heredity is 
a very complex thing, and so also is the cell. Countless 
ancestors are combined to infinity in the heredity of each of 
us. But so long as comparative fixed species have not yet 
been formed, and as the living being still belongs toa mere 
variety or race, cross-breeding between individuals of these 
diverse varieties or races will render their offspring unstable, 
a combination of these parent forms, though already diver- 
gent. 

Ants, termites and men are all complicated living 
creatures, composed of very different organs with specialized 
cells.. The sexual glands alone can reproduce the individual 
as a whole, though we have seen that ants are still able to 
do this by parthenogenesis. The various organs, in ourselves 
as well as in the ants, may be considered as a confederation 
of cells, directed by the brain to a greater or less extent 
according to the relative power of that organ. The relative 
independence of organs varies, the glands, for example, 
being more independent than the muscles; but generally 
speaking their confederation constitutes one whole, whose 
parts cannot live long without one another—in spite of the 
experiments quoted in Part II, Chapter II, dealing with 
ants whose heads were separated from the rest of their 
bodies. The cells of every organ in this confederation 
have been admirably adapted, through gradual hereditary 
phylogeny, to their function. Even when some of them eat 
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the others, as certain cellulophagous cells called ‘phagocytes’ 
eat the wing muscles of the fertilized 9, or even when the 
mother eats her own eggs to feed her larvae, it all takes 
place in a spirit of peace and amity. But where and how 
did this confederation of cells begin to form different 
organs? 

The key to this riddle lies with certain so-called lower 
animals, the protozoa. They each consist of a single cell, 
but this cell can be diversified in several ways to form false 
feet or pseudopods, vibratory cilia and various complica- 
tions. - Infusoria, corals and various lower animals, how- 
ever, form for the most part associations of similar cells. 
These associations are transformed into more intimate 
unions, and thus the creature becomes multicellular. The 
first common organ formed in this way is a kind of stomach, 
with a single opening, which serves both as a mouth and an 
anus. ‘This stomach consists of two layers of cells, the 
ectoderm outside and the entoderm inside; the first covers 
the second, and becomes the skin; the second digests in 
common the cells which are swallowed, and afterwards 
rejects them through the mouth. Such is the formation of 
animals which constitute a transition between the protozoa 
and metazoa. 

From this phylogenetic starting-point other associations 
of cells begin their work, the initiation of new organs, which 
are specialized as multicellular pseudopods, glands, the first 
smooth muscle fibres (consisting of scattered retractile 
hairs), the primitive neurones (consisting likewise of 
scattered gangliar cells), the mobile cells of the blood, and 
later the respiratory organs, the brain, a differentiated re- 
productive apparatus, etc. For instance, the association of 
cells in the polyps, sponges, etc., is not at first intimate in 
character. Any group which is formed among them suffices 
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to reproduce the whole collective ‘individual’ of the asso- 
ciated cells, by a simple bud or slip, somewhat as in the case 
of plants. But such a collective individual already has a 
specialized form as a member of a certain species, like each 
of the cells composing it. 

How is it that a collection of cells with so little coherence 
can function in a co-ordinated manner? In plants, which 
do not move about, the circulation of the sap may suffice to 
achieve this purpose. But a living, mobile creature has need 
of some retractile apparatus enabling the whole organism to 
move, whereas a single cell merely requires vibratory cilia 
for its movements. The muscular fibres were specialized for 
a purpose such as this. However, before the movements of 
the various muscles could be co-ordinated, there had to be 
something to put them in communication with one another. 
Hence in due course the neurone was differentiated from the 
gangliar cell. Its réle was to be sensitive to irritations 
received from without, and then to act on the muscles, the 
glands and its fellow-neurones. In this way, the cellular 
communities which constituted the primitive animal were 
enabled to function, though their power of motion was 
but slight. 

Then came the gradual formation of the first nerve 
centres, known as ganglia, which were capable of dominating 
a republic of cells and bringing them to a higher condition 
of unity. At the same time the striated muscles were formed, 
and swifter motion became possible. The animal’s strength, 
liveliness and motor independence increased. But as these 
ganglia multiplied in a single individual body, they in 
their turn were in need of a superior unity—a kind of 
monarchy; this was a growing necessity for such a coherent 
whole as the republic of cells in an animal individual was 
now becoming. Thus it was that the brain first originated, 
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and developed more and more in the exercise of its kingly 
function. Whether it arose from a single ganglion super- 
imposed upon the others, as in the case of ants, or from many 
ganglia welded together, as in the spine of the vertebrates 
(fishes and reptiles) is of minor importance. It never becomes 
a ‘roi fainéant’ except in certain vile, degenerate parasites. 

In the first place, however, the brain itself did nothing 
but give a vague general impulsion to the movements of the 
entire body, and turn them into some direction useful to it as 
a whole. ‘The instinctive movements, especially those 
described as reflex, which are directed from the ganglia or 
the spine, still preserved a high degree of independence. It 
was only gradually, in the course of millions of years, that 
the brain-king acquired over the whole animal body a sway 
which became more and more autocratic, but at the same 
time more plastic and more adaptable to the external world. 
The body of a reptile or ant can live for several hours without 
a brain, but if a man is beheaded or deprived of his spine, he 
dies at once. 

I have tried here, dear reader, to give you a rapid sketch 
of the development of animal life from its starting-point in 
the primitive cell, where it is still almost identical with the 
primitive vegetable cell which develops on its own account, 
in a somewhat different way, into associations of cells. 

Furthermore, these separate mobile individuals of the 
multicellular animals have also at times a tendency to 
associate with each other as the cells of which they are 
composed were wont to do at first, but except in the case of 
the family, the close relationship between parents and their 
immediate offspring during childhood, such associations are 
exceptional. Living creatures use up the best of their vital 
strength in destroying and devouring one another. This is 
sad, but it cannot be denied! The communal life of our little 
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friends the ants and the termites is one praiseworthy 
exception. The present work has been devoted to an account 
of its peculiarities, and we shall return to the subject in a 
moment. In this case, however, the brain-kings are sepa- 
rated from one another and move about separately. For this 
reason, in ants as in men, the species has ceased to be the 
determining factor in association. Thus we have seen how 
ants of the same species, even the daughters of one mother, 
will fight each other to the death, and yet live all the while in 
communal association with different species and even 
different sub-families, not to mention other insects, as we 
live with our dogs or horses. 

In the introduction to Part I, and in Chapter IJ of Part II, 
we explained in a few words the significance of the terms 
used by Semon in his Mneme—engram, ecphory, etc. I 
should like here to emphasize once more that these terms 
refer to living creatures on/y, but that they are equally 
applicable to phylogeny (inherited characters) and ontogeny 
(characters acquired during the individual unicellular or 
multicellular _ life, including memory). All this, then, 
remains entirely within the domain of positive scientific 
knowledge, which we can explore by means of our senses 
and our brain. 

And now we come to the counterpart, and face the ques- 
tion; how much is there that we do not know in connection 
with the alleged mechanical origin of living creatures? This 
I shall answer briefly. We do not know: 

(1) The nature of the ultra-microscopic sub-cell in which 
the source of heredity was formed; (2) the way in which 
mnemic engraphy, acting continually throughout ontogeny, 
was able to produce in the dark night of time, through the 
heredity of characters thus acquired, that evolutionary 
phylogeny which insensibly transforms species by way of 
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their genital cells—in short, how the heredity of acquired 
characters is mechanically manufactured; (3) the metaphysics 
of our self-consciousness (Bewusstsein), that is, the intimate 
connection between the functions of our brain and the mirror 
of our mind, by way of the introspection of our sensations 
and representations, compared one with another by means 
of our movements; the third of these unsolved mysteries has 
been styled psycho-physiology. The absolute mutual 
dependence of the active functions of our major brain, 
and the knowledge of our ego (our mind) is definitely 
proved by scientific facts; but their essential identity 
remains, for us, a question of metaphysics—and therefore 
unknowable. 

From this brief survey it follows that our scientific 
inductions, which we call objective, are not really based on 
the ultimate ature or essence of the objects in question— 
for this, now and forever, will be beyond our knowledge— 
but exclusively upon the sudjective introspection provided 
by our sensations, perceptions, representations (ecphories 
subtilized by means of language, which is all too often 
deceptive). Hence all that we consider to be objective and 
scientifically proven is really only a result laboriously 
acquired by the primitive sensations with which our sense- 
organs have furnished us. By repeating these, transforming 
them into perceptions and comparing them with one another 
through the agency of our movements, we succeed not only 
in proving that nature and various objects exist outside 
ourselves, but in learning to know these objects in ever 
greater detail. Instruments of precision, such as weights, 
measures, watches, microscopes, telescopes and mathe- 
matical figures help us to do this. 

That is why Sganarelle in Moliére’s Mariage forcé won his 
argument with the metaphysician Marphurius, and proved it 
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to him in a manner both scientific and practical, by shower- 
ing blows upon him with a stick. It is not merely a sup- 
position that the external natural world exists outside our 
individual consciousness; it has a very real existence. We 
know what it betrays to our senses, but we only know it 
through their medium, and are ignorant of its essence. 
For instance, to cite just one case, we have no special 
electrical sense, and we only know what electricity betrays 
to our senses and our composite scientific instruments. This 
is true not only for us but also for fairly complex animals 
endowed with brains—and therefore it is true for the minds 
of ants. Their senses, especially that of smell, certainly differ 
somewhat from our own, as our scientific inductive investi- 
gations have enabled us to realize (Part II, Chapter I). 
But though we can obtain no absolute knowledge of what 
is going on in their minds, neither can we see what is going 
on in the minds of our human neighbours. And can it be 
said that each of us is always perfectly certain as to what 
is happening in his own mind—in sleep and dreams, for 
example, z.e., in the sub-conscious? Whoever answers in the 
affirmative is deceiving himself. 

There is one fairly sharp distinction between all animals 
and any man except the most primitive, and that is written 
or hieroglyphical tradition; but it gives us a false impression 
of our own value. The spoken word flies away but the 
written word remains—so even the ancients declared. 
Indeed, our much-vaunted civilization lives and progresses 
only upon the fruit of the mental efforts of countless 
ancestors, accumulated in books. ‘This it is which some 
describe euphemistically. as human perfectidility; but it has 
nothing in common with heredity. The discovery of printing 
has meant a gigantic stride along the road of our perfecti- 
bility. The mental value of our brains may lag, by heredity, 
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behind that of the Chinese, the Persians and the ancient 
Greeks, even while our perfectibility continues to advance. 
Let us take heed! Decadence is knocking at our door, if 
she has not already entered fully into the energies of our 
hereditary mneme, where she will make her reverberations 
felt at a later date in the acquired material of our ontogeny. 


u Tue R6LE oF Ants In NATURE 


In the second edition of his admirable book Des sociétés 
animales (Paris, 1878), Alfred Espinas quotes various 
observations from my Fourmis de la Suisse (1874) and then 
expresses himself as follows: 

“The superiority of the ants rests on their terrestrial life. 
This assertion may seem paradoxical, but one should con- 
sider the exceptional advantages which a terrestrial medium 
offers to the development of the intellectual faculties, as 
compared with an aerial medium. The air means long jour- 
neys undisturbed by incident, vertiginous vagabondage, 
far from the domain of real objects, instability, roaming, 
perpetual forgetfulness of things and of oneself. On the 
earth, however, there is no movement that is not a con- 
tact and does not yield precise information; no expedition 
fails to leave some memory behind it; and as there are limits 
to the possibility of roving, it is inevitable that some features 
of the ground which is incessantly traversed should be 
graven, with all its resources and dangers, in the imagina- 
tion of the animal. Thence comes a much closer and more 
direct communication with the external world. Moreover, 
it is much easier for the terrestrial animal to utilize matter 
than it is for the aerial animal. When it is necessary to build, 
the air-creature is obliged either to secrete the substance of 
its nest, like the bee, or to seek it afar off, as does the bee 
when she gathers wax, or the wasp when she gleans the 
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elements from which her paper is made. The terrestrial 
animal has the materials for its work near at hand, and as 
these materials are varied, its architecture may likewise be 
varied. Hence it is probable that ants owe their social and 
industrial superiority to their habitat. If any one ant was 
ever the first to twist her wings about until she was rid of 
them, so that she might work more easily on serra-firma, she 
rendered a deathless service to her race. But it is not likely 
that things came about in this way, in this case or in others. 

Our first example of property is set us by the ants. The 
lower animals possess nothing but the soil they occupy. 
The ants, as they ceaselessly furrow vast stretches of ground 
with their convoys, appropriate it to themselves without 
occupying it permanently. This earth is theirs because they 
are fixed to it and have their dwelling in it. Property appears 
first, therefore, as a direct effect, and then as the extension 
of industry. The ground over which the workers circulate 
regularly in their long files bears, in some measure, the faint 
imprint of the organization which is stamped so clearly upon 
every part of the nest. This ground is an instrument for the 
use of ants, like the nest itself, though to a less extent. The 
beaten paths are, in fact, extensions of the galleries, and the 
ants are prepared to defend them, like the galleries them- 
selves, from the invasions of strangers. Just as the different 
parts of the nest communicate with each other, so does an 
uninterrupted current of information unite the pathways 
and the formicary. Thus animal activity conquers the soil 
and incorporates it with its own organism. 

Whereas wasps and bees of different species can carry out 
only a few activities, nearly always similar in character, ants 
apply their energy in an almost indefinitely variable fashion 
to all the circumstances which face them. Some of them dig, 
others sculpture, others build, others heap up material, and 
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many of them hunt; there are ants which gather and store 
seeds, and suck the juice from flowers, and ants which nibble 
their petals: sometimes we see them capturing slaves, at 
other times rearing aphids, and all these various actions are 
susceptible of unlimited modifications, according to in- 
herited tendencies and special circumstances. As a result 
of this power to vary the effect of their activity, the division 
of labour must be carried to a much greater length in a 
formicary than in a hive. In fact, if we were to examine a 
working formicary, we should be able to distinguish several 
categories of workers. But this division of labour (and here 
we have a feature peculiar to highly-developed organisms) 
has nothing rigid about it and involves organic modifica- 
tions in a comparatively restricted number of species. 
M. Forel shows in his criticism of Lacordaire that a very 
small proportion of native formicaries exemplify the mor- 
phological differentiation into four kinds of individuals: 
males, females, workers and soldiers. He has observed it 
only in Pheidole.” 

It is a fact that f and & ants exercise no dominion over the 
air in their nuptial flight. But Espinas forgets to mention 
water, especially the sea, which is dominated neither by 
ants nor by men, except for ships and submarines in which 
man bears cosmopolitan ants against his will. We must 
not exaggerate in anything. Ants, moreover, are not mis- 
tresses of the ‘sub-soil’ as Bergson claims in his Evolution 
créatrice, but only of the surface of the soil and of plants, 
and then not everywhere. In the sub-soil, it is rather worms, 
moles, field-mice and microbes which tend to rule. Nothing 
of it is owned by ants but their scattered nests and a few 
passages. Furthermore, we have proved that Iceland, 
Greenland and Kerguelen contain no ants. In cold coun- 
tries in general, as well as in the Swiss Alps at a height of 


BRICOGUE 331 


2,000—3,000 metres, the sway exercised by the ants over 
the surface of the soil is very modest and limited. But as the 
temperature increases, this sway becomes more and more 
marked, even in our temperate countries. The Brazilians 
say that ants are the veritable queens of Brazil, for they have 
more power there than any other creatures (Heer). This 
statement, as regards the surface of the soil and of plants, as 
well as plant-cavities, is true for all tropical and sub-tropical 
countries. 

As I said in 1874 in my Fourmis de la Suisse, in the domain 
over which they rule, the ants’ most dangerous enemies are 
other ants, just as man’s most dangerous enemies are other 
men. In the same work [also said: ‘“‘Every formicary which 
is at all considerable has its domain, its territory, which it 
seems to regard as its property. This is a direct result of the 
fact that all formicaries (I would now add except in the case 
of parabiosis) are enemies to one another. Thus a large F. 
pratensis colony may possess a whole meadow, several trees, 
or a hedge; and from this domain all colonies of other 
pratensis, rufa, sanguinea, truncicola, Dendrolasius fuliginosus, 
etc., will be excluded.” 

Ants, therefore, were the first landed proprietors, before 
man came into being, as Espinas strongly confirms. They 
were also the first collective shop-keepers. This was proved 
to us in Chapter II], where we saw how Messor colonies 
steal one another’s stocks of grain. 

The might of the ants derives from a vast number of facts 
enumerated in our work, particularly in Chapters I and III 
of the present volume. Here is one more example. “I myself 
once saw some Formica pratensis, which had lengthened one 
of their roads on account of the growth of their colony, come 
in contact with a nest of wasps (Vespa germanica) built in the 
earth, block up the opening and finally drive away the 
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numerous inhabitants, not without the loss of many com- 
batants” (Fourmis de la Suisse, Part 1V, Chapter NOD; 

In his Ants, Wheeler remarks that their predominance is 
clearly indicated by the small number of their enemies 
(apart from other ants): a few special mammals, a few birds 
and reptiles and few insect parasites. To these we may add 
a few other insects, such as the Ant-lions and Hister. The 
integuments, bodies and habits of a host of animals are 
characterized by a whole scale of adaptations for defence and 
protection against ants, and this confirms the hegemony of 
our little friends within the above-mentioned limits. 

This scale, as Wheeler says, also confirms the importance 
of ants in natural economy. 

Ants, however, have no sway upon the earth over mi- 
crobes or large animals. But they are our rivals in various 
respects: the Messor steal ‘our’ seeds, which they regard as 
‘their’ seeds, in defiance of the Talmud; the 7tini cut leaves 
from ‘our’ trees and ‘our’ vegetables, which they likewise 
regard as ‘theirs’; and the European Lasius imperil our 
crops by covering them with their aphids and coccids. 

The hunting expeditions of the Doryline, described in our 
first chapter, as well as those of the Ponerine, would seem 
to prove that primitive forms, in ants as in man (as Wheeler 
remarks) lived by rapine and were carnivorous. These were 
gradually supplanted to a greater and greater extent by the 
omnivorous harvesting or farming animal-forms like the 
Myrmicinae, Dolichoderine and Formicine, which, as we have 
seen, are the most recent ants. The analogy with the 
development of our human civilization never fails to be very 
striking, but with the ants progress is attained through 
heredity and not through acquired perfectibility. 

If we regard the matter from the sole and very narrow 
point of view of our purely human social utilitarianism, the 
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question presents itself in the following somewhat different 
guise: ‘Are ants useful to man or are they harmful?’ The 
question is very complex. The answer to it varies according 
to the ant-species; and furthermore, when we attempt to 
destroy or conversely to propagate any special kind of ant, 
we are confronted with insuperable difficulties resulting 
from the tangle of the phylogenetic adaptations produced 
millions of years ago in the habits of various living creatures, 
animal and vegetable. By trying to disturb their natural 
hereditary equilibrium, we incur a danger of increasing the 
evil we wish to combat; and while we are endeavouring to 
afford artificial protection to animal or plant races chosen 
entirely with a view to our human advantage, we forget that 
we have weakened them and rendered them incapable of 
fighting alone against their natural enemies. 

Bos, as we saw, proved that a field of beans protected from 
ants produced an infinitely better crop than one in which the 
Lasius cultivated their aphids. Here we have an undoubted 
fact.. But by thus protecting the beans from the aphids, in 
the course of generations we weaken their power of resisting 
those enemies. 

On the other hand, Ratzeburg was right when he pub- 
lished laws in Prussia forbidding the systematic destruction 
of the nests of the useful Formica rufa by bird-fanciers. As 
a matter of fact, Formica rufa is the natural protector which 
saves the forests from destruction by the Bostrichus (beetles). 
In this case it was the bird-catchers who disturbed the 
natural equilibrium, and Ratzeburg merely re-established it. 
I will limit myself to these two examples, which reveal the 
fundamental aspects of the matter. 

According to Magowan, a certain Chinese writer declares 
that in the provinces of Canton no cereal and orange crops 
are successful unless resort is had to the hill people, who 
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scour the neighbourhood for the nests of yellow and red 
ants, which are then brought down to the plains and 
deposited on the orangeries. The ants thereupon devour 
the larve which ruin cultivated plants. 

It may be stated as a general fact that in Switzerland, 
Lasius and Tetramorium are harmful to us and the Formica of 
the rufa and exsecta groups useful. The others are, generally 
speaking, indifferent. But, I repeat, this purely utilitarian 
human point of view must not be confused with the réle of 
ants in the general natural economy of the creatures living 
in our world, especially in the tropics. 


wi Ants, TERMITES AND Man 


Every social cosmos is in itself superior to every individual 
cosmos, as much on account of the elasticity or separate 
mobility of its parts as of the specialized function of each. 
We have seen how an association of cells formed a coherent 
whole, with organs admirably adapted to their functions. 
But in this case, all the individual cells are imprisoned in 
their organ, and together they constitute a socialized 
individual, superior, certainly, to the cell, but inferior to a 
mobile association of its peers. ‘hey have become incapable 
of combining to form an immobile whole. Such mobility is 
a force, but in it lurks a danger. 

The advantage of higher societies is made evident to us in 
the grouping of higher animals—the herds of bison or 
buffaloes, for instance, or those formed by elephants, making 
them the rulers of their forests; in the flocks of birds, still 
more in termites, and most of all in ants, the queens of the 
virgin Brazilian forest; evident, too, in civilized man, who 
aims at ruling the whole earth. In a word, ‘union is strength.’ 
Even lions and tigers which live in isolation dominate 
nothing but a few victims, isolated like themselves. The 
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same obtains with the gorilla, and with primitive man in his 
cave. 

The organization of cells united in a single animal body 
was gradually formed by pure heredity in the course of 
millions of years. Hence it is due to the slow combination of 
engrams acquired in the individual mneme of each genera- 
tion with the engrams imperceptibly accumulated by means 
of germ cells in subsequent generations. These constitute 
the hereditary mneme, and gradually come into existence 
through mutations, as de Vries showed. Moreover, natural 
selection and the struggle for existence constantly conserve the 
mutations which are helpful to the species and destroy those 
which are injurious. 

Does this also happen with societies of mobile individuals 
which are separated from one another? Does the superior 
being, advantageous to the species, progress naturally of its 
own accord, and does the undesirable being, injurious to the 
species, destroy itself of its own accord? 

The answer is yes, or almost so, as regards ants and 
termites, in which, as we have proved, specific hereditary 
instinct directly actuated by sensory impression is a pre- 
dominating factor. In these insects, the mobility of the 
individual has very little power to restrain an innate social 
discipline, adapted in an identical fashion to the body-form 
of each, as well as to its habits; hence their apparent indi- 
vidual intelligence is almost exclusively fixed and adapted 
by heredity; very little room is left for the truly individual 
memory and variability of judgment in cases of doubt and 
the unforeseen. 

For man, the answer is z0—why, we shall shortly explain. 

ANTS AND TERMITES. In tropical and _ sub-tropical 
countries, the sway of the ants over the little world living on 
the surface of the earth and of plants is ux/imited, whereas 
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that of the termites is /imited to the mound and passages of 
every termitarium built underground or in a tree. “Its 
chiefly on account of their cruel enemies the ants that the 
termites are obliged to hide in this way. For further particu- 
lars I will refer the reader to Part IV, Chapter IV, as well as 
to the Appendix at the end of this volume, by Prof. Bugnion, 
entitled ‘“The War between the Ants and the Termites.” 

ANTS AND MAN. Among ants we find weavers, butchers, 
cattle-rearers, masons, road-makers, harvesters, bakers, 
mushroom-farmers, excellent nurses of various kinds, 
gardeners, warriors, pacifists, slave-makers, thieves, 
brigands and parasites, but we find no professors, orators, 
governors, bureaucrats or generals, nor even corporals, nor 
do we find capitalists, speculators or mere swindlers. 
Think carefully about that, dear reader, and it will give you 
the key to the mystery. 

The resemblance between a society of ants and a society 
of men is no mere matter of appearances, any more than the 
difference between them. Both depend on profound causes, 
hereditary or acquired, which we have now to analyse 
seriously; we have already done so to a certain extent, and it 
remains for us to show in detail how, in the phylogeny of 
multicellular living creatures, to use the words of Wheeler, 
there is ‘‘a shifting of proclivities from the egocentric to the 
sociocentric plane.” ‘The great variability of their instincts, 
the generally omnivorous capacities of their digestion, the 
multiplicity of their species (nearly 4,500, not counting 
races or varieties), their longevity, the relative stability 
of their colonies and their distribution over practically the 
whole world give the ants a great social force which other 
social insects possess in part only. 

According to Wheeler, both ants and mammals seem to 
have appeared during the period which we call mesozoic or 
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secondary, when life first began to blossom throughout the 
world in its full glory. As the same author shows, the formi- 
cary is a society of females and their polymorphous derivative 
forms, in which the stupid male plays but an accessory part 
as a humble follower. The two human sexes, on the other 
hand, are complementary to each other, their mental 
faculties being, generally speaking, equivalent. The heredi- 
tary social instinct of ants permits them to live without 
chieftains, guides, police or laws, in an admirably co-ordin- 
ated state of anarchy; human beings are absolutely in- 
capable of doing this, and if they attempt as much they at 
once fall back into such a triumphant state of brigandage 
that they are compelled to submit once more to the rule of 
chieftains. Such is the ancient tragedy of humanity, a 
thousand times repeated throughout history. 

In my treatise on the Mind and the Brain (Gehirn und 
Seele, originally read in German in 1894 before the 
Naturalists’ Congress at Vienna) I made the following 
remarks: 

“The study of evolutionary phylogeny in animal biology 
leads us to feel sure that the primordial activity of the 
neurocyme (electrons of the neurones) is plastic (not reflex). 
But its elements were so few and the exigences of its 
environment so many that it was obliged to form specialized 
hereditary automatisms (instincts). However, the difference 
between these two kinds of nervous activity 1s only relative. 
We can observe such transitions in ourselves in all their 
initial stages, whether they be centrifugal or centripetal 
(technical routine), or central (abstract reason).”’ 

At the present time I can only say that I entirely confirm 
this statement, printed twenty-eight years ago. 

Rivalry and warfare between different formicaries can 
never cease, for these reasons: (1) ‘Their instincts, like 
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their reactions to strange odours, are too precisely fixed by 
heredity (Part IV, Chapter II); (2) the number and diversity 
of their species is much too great; (3) even if their mentality 
were capable of such a thing, they are much too small to set 
up an international alliance among themselves throughout 
the world, in the manner indicated in Part IV, Chapters I 
and II; (4) above all, the mentality acquired by their small 
brains is absolutely incapable of comprehending what might 
really be the world-cosmos and internationalism. We have 
only to mention such a ridiculous idea to make every one 
laugh at its absurdity. Do not forget that it 1s scarcely 400 
years since we human beings were enlightened as to these 
two ideas by Columbus, Galileo and others. 

A written tradition, even an antennal tradition corres- 
ponding to our oral tradition, is excluded in the case of all 
ants. And in spite of this fact, the social cosmos of a 
formicary is very much superior to our states, societies and 
federations, from the point of view of order, organization, 
and the social work of the united entity. Why so? 

Well, dear reader, it is because man’s hereditary nature, 
deep-rooted in his brain, makes him an egoistic, individual- 
istic, fierce, domineering, tyrannical, jealous, passionate and 
revengeful being, who wishes to enjoy liberty by the abuse 
of his neighbour’s toil. For the slightest social defects pos- 
sessed by this neighbour he is argus-eyed, but he un- 
consciously misinterprets or extenuates his own faults. 
For his personal satisfaction alone he chooses a few friends 
or companions and one or several sexual help-meets. It is 
comparatively rare for even his family to be united. Yet 
there are some men, and more especially some women— 
though they are exceptional—it is true, who devote them- 
selves to the social well-being of humanity and are 
perpetually denying themselves for the sake of their 
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neighbours; but the masses misunderstand and persecute 
them. Moreover, when they attain ‘power’ success in- 
toxicates them and turns their heads; rare indeed are those 
who resist, keep their integrity and persevere to the end 
along the path of true social service. What must we do, 
then, to grow nearer to the ants and yet remain men? Such 
tragic events as have lately befallen us in the so-called 
world-war of 1914 and the social war which has followed it 
since 1919, are of a nature to set us thinking and pondering 
over the human social question. And with this matter, in so 
far as light is shed upon it by our little friends, I should like 
to end my book. 

HISTORY OF HUMAN PERFECTIBILITY. Here in the first 
place we must admit that we know absolutely nothing about 
the history of actual primitive men, such as the Neanderthal 
man or him of le Moustier. We can only assume that they 
possessed a mentality similar to that still found in the lowest 
living races, such as the Australian natives, the Veddahs of 
Ceylon and the dwarfish Akkas of the Congo, because the 
cranial capacity of these two kinds of human being proves a 
very small brain, comparatively speaking. Races of this 
kind which still exist are fast dying out, and vary enormously. 
The Akkas, one of whom I myself saw at the Congo 
Exhibition at Tervuren, are always in motion, and the first 
thing one notices about them is their changeable temper, 
which is choleric, aggressive and warlike. The Veddahs, on 
the contrary, are nonchalant and mostly apathetic, like the 
Chimila Indians recently extinct in Colombia. But both are 
intellectually inferior, the Veddahs, for instance, being unable 
to count beyond twenty.- The Australians, for their part, 
have much in common with the fossil skulls of Neanderthal 
man. The cranial capacity of these still living primitive 
men is on an average 230-250 c.c. less than our own; and 
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the weight of their brain is 230-250 grammes; the 
Neanderthal skull is only about 300 c.c. less than our own 
(1,230 instead of 1,530). From the standpoint of theory, 
Emery, in his “Les Insectes sociaux et la société humaine”’ 
(Revue d’Economie politique, Paris, 1901, p. 15), has 
described the origins of human perfectibility under the 
rubric ‘the instinct of progress.’ The phrase is rather 
original. 

Dubois’ famous Pithecanthropus fossil, discovered at 
Java, with its cranial capacity of 850 c.c., constitutes a real 
transition between the higher apes (orang-outang, gorilla, 
etc.) and the primitive Neanderthal man. Can the ‘instinct 
for progress’ have originated in this creature? I would beg 
my readers to note that according to the data supplied by 
competent anthropologists (Klaatsch, for instance) the 
Pithecanthropus lived more than one and a half million 
years ago, whereas the man of the Neanderthal caves, of Le 
Moustier, Spy, Aurignac, Cro-Magnon, Grimaldi, etc., 
some of whom were found in the company of mammoths, 
lived more than 500,000 years ago. And even at that date, 
they left with their remains certain artistic ornamental 
figures, representing admirably, among cther things, 
mammoths (which are now fossils), horses, horned men, 
etc. Hence even then there was some glimmering of the 
civilization whose development is now incalculable. In fact 
everything visible and sensible which man, however 
primitive, was able to /eave to succeeding generations, could 
be imitated, repeated and perfected by these newcomers. 
Herein lies the beginning of the distinction between us and 
the higher apes, and herein the first signs of our perfecti- 
bility. 

To this we must add that all the human races now living 
can combine to produce fertile offspring; it is impossible to 
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distinguish clearly the infinitely mixed strains in their 
descent; we are all ‘half-breeds’ and we are becoming more 
and more so, owing to the increasing facility of world- 
communication produced by our greater technical skill. 
But the farther back down the centuries we look, the more 
distinct and disconnected has been the localization of our 
races and varieties, a fact which explains how inferior races, 
whose phylogeny must extend for 500,000 years and more, 
have escaped destruction. The cousinship between the 
negroes and ourselves, for instance, must certainly reach 
back halfa million years. 

For the same reason, it is impossible to determine how 
direct or indirect is our relationship with our fossil ancestors 
of the Neanderthal caves, Spy, etc. But we must assume that 
if they were still living, we could combine with them to 
produce offspring, which we most probably could not do 
with gorillas and orang-outangs, or even with the pithec- 
anthropus if he could come to life again in our own time. 

The hieroglyphics and artistic remains of fossil men are all 
that enable us to judge whether their civilization was equal, 
inferior, or superior to that of any particular present-day race. 
Certain carvings by fossil men dating back half a million 
years are beyond the capacity of a Veddah or Akka, if not 
a negro. Hence the date at which human perfectibility 
began is obscured by the darkness of time, and varies from 
half a million to about a million years. 

It is not until long after the first period, known as the 
Stone Age or diluvian Paleolithic Age, that a forward 
movement in civilization, or in other words perfectibility, 
can be more or less proven in the case of certain human 
races still very imperfectly distinguished from one another. 
In the later age of polished stone, we can also trace the 
appearance of ceramic art, which proclaims a notable 
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advance in civilization. Competent experts date this age 
between 25,000 and 15,000 years B.c. After that came 
various periods known as the Copper Age (3,000 B.c.), 
the Bronze Age (2,500 B.c.) and Iron Age (1,000 B.C.) 
characterized by the use of these metals by men for their 
various instruments of war or agriculture, as well as for 
ornament. The remains of these instruments and the 
sculptured hieroglyphics, which students are learning to 
decipher, have made it possible to follow step by step, after 
the late Stone Age, the still slow but gradually accelerating 
steps in the progress of our cultural perfectibility. Thus the 
age we call prehistoric is gradually transformed into the age 
we call historic, at first by means of hieroglyphics and after- 
wards by means of a few manuscripts preserved on papyrus. 
Modern Chinese and Japanese script is still very symbolic, 
and slightly reminiscent of certain hieroglyphics. The oldest 
civilization, nowadays quite historical and more or less surely 
deciphered, is that of the Egyptians. It reaches back to King 
Menes, 3,900 years B.c.—that is, more than 5,800 years 
ago. The history of Babylon is not so old, nor that of 
Assyria, and the record of the Chinese dynasties scarcely 
goes back to 1,800 B.c. 

It can be proven in nearly every case that the nomadic life 
or that of the hunter preceded the sedentary and agricultural 
life, and that the matriarchal stage preceded the patriarchal. 
But as we behold the slow and tortuous ascent of human 
perfectibility from its infancy upwards, and of those lasting 
products which it bequeathed to its progeny during the 
periods which we regard as retrograde, and which may be 
called ‘medieval’ or ‘barbarian,’ we also behold in our 
ancestors, the offspring of primitive man, an abominable 
ferocity which makes the orang-outangs, chimpanzees and 
even gorillas seem perfect angels in comparison. When 
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primitive man came down from the tree-tops some millions 
of years ago, he entered into conflict with the monstrous 
mammals of the Tertiary Period, a time when force was the 
only law. At what stage the clan and the tribe succeeded 
the primitive family, we are quite unable to determine. But 
one thing is certain: the path of change was no peaceful bed 
of roses. 

Thus the primitive male learned to wage war upon 
other living creatures, including his fellow-men, whom he 
would make into slaves when victorious or eat along with the 
rest. Courage, strength, skill and cunning were his pre- 
rogative. As woman was weaker than himself, in many lands 
he acquired the trick of depriving her, little by little, of her 
primitive savage rights. He made her his slave, entirely 
devoted to work and the sexual pleasure of her lord and 
master the male. There is no form of sexual aberration, 
even the most refined in character, which was not invented 
by the barbarian, even in the most distant epoch. One has 
only to read Otto Stoll’s 1,000-page work, Das Geschlechts- 
leben in der V ilkerpsychologie (Sexual Life in Social Psycho- 
logy) to be enlightened on this subject. Moreover, the natural 
man’s passions of hatred, jealousy and spite led him to 
invent the most atrocious forms of torture to wreak his 
vengeance upon his fellows—even the use of ants, as we 
saw in Part V, Chapter I. The fossil human remains which 
are taken from caves and ancient tombs are continually 
mixed up with weapons and mutilated skeletons, Further- 
more, the history of the American Indians, Africans, etc., is 
crammed just as full of horrors as those of the Asiatic and 
European races. We aré all about equal in this respect— 
and the war of 1914 gave us a new proof of the fact. 

It is clear, therefore, that the sentiment of patriotism was 
at first only an extension to a few men of the primordial 
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family sentiment, and that it originated in the clan, where 
heroism and patriotic devotion dawned side by side with 
cruelty and vengeance. Hence militarism, the source of all 
cruelty, was inseparable, at any rate to begin with, from 
patriotism. 

Not until much later did sedentary and agricultural life 
attach these sentiments to the soil, the hut, the territory of the 
clan, which had become the tribe, and eventually the king- 
dom. In its early stages, the social instinct of the human 
family was so rudimentary and so entirely the slave of force, 
that it could not exist without a single male chieftain to 
rule the group. And following his hereditary nature, deep- 
rooted in his mneme, this chieftain always oppressed his 
subordinates, his women-folk and his children to a greater or 
less extent. This was the origin of polygamy, which, like 
the kingdom, was based on the patriarchal system. If the 
patriarch, tribal chief or king was weak or idle, he became 
degenerate and was overthrown, just as the ‘rois fainéants’ 
were afterwards overthrown in France by the ‘maires du 
palais.’ ‘This accounts for the fact that the republican form 
of government was slow to appear on the human stage, and 
was at first only the exceptional product of an advanced 
social organization, with a tendency to grow disorganized 
and fall back into monarchy owing to the corruption of the 
officials elected to govern it. ‘The whole history of human 
races proves to satiety that we are absolutely incapable of 
living in the happy and well-co-ordinated anarchy repre- 
sented by a formicary, and shows how misguided was the 
all-too-famous Kropotkine. The increasingly rapid develop- 
ment of our perfectible civilization has led us to an impasse, 
since our fierce, individualistic hereditary nature has been 
unable to keep pace with the rapid enlargement of social 
requirements, and takes a hundred thousand years in which 
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to be sensibly modified by acquired engrams. Man is born 
good, said Rousseau, but he is corrupted by society! This 
is one of those supreme absurdities which have been 
canonized by the countless repetitions of unthinking people, 
and it is high time that we corrected it. 


tv. Wuar Can We Hops For THE Future oF HuMANITYP 


How are we to extricate ourselves from the tragic dilemma 
whose causes we have just outlined? 

Setting aside the inferior races, whether living or fossi- 
lized, let us devote a few words to the known history of our 
civilized nations. Here we find human pride creating out 
of its own imagination the sectarian dogmas, wrongly termed 
religious, devising out of the fear of unknown forces an 
all-powerful ‘God’ in man’s own personal image, and at the 
same time generally explaining away all his social ignominy 
by attributing it to another imaginary being called the 
‘Devil.’ In reality, owing to our lack of social instinct, a 
personal God and Devil subsist on more or less friendly 
terms in every human brain, and the Universe, that power 
which we find so unfathomable, belongs to an unknowable 
metaphysic. What we need is a true inter-sectarian religion 
of social human welfare. This religion, being built on the 
love of our neighbour, must be exempt from sectarian 
strife between the dogmas wrongly described as religious; 
we shall return to this again. Mohammedanism and its 
harems provide us with example of the oppression of woman. 

The large empires, ancient and modern, whether or not 
they consist of a federation of kingdoms—and especially 
China—provide striking-examples of progressive degenera- 
tion due to the abuses of their autocratic government. In 
spite of the lofty view-point of Confucius and Buddha, 
the Chinese, surrounded by their wall and separated from 
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other nations, oppressed by the Manchu dynasty, swarming 
with superfluous population, gradually fell, despite their 
toil, into a state of stagnation which became degeneracy. 
For all their intelligence, perseverance and great brain- 
power, they became congealed within their narrow confines, 
and their civilization, like their religious forms, moved 
backward. For varying causes, the empires of the Assyrians, 
the Pharaohs, Alexander, the Romans and the Persians 
deteriorated and were destroyed. To-day those of the Turks, 
the Hapsburgs and the Czars have disappeared, while the 
German Empire has become a republic like that of Napoleon. 
We find republics, too, suffering from social maladies 
similar to those of kingdoms and empires. Nevertheless, 
Switzerland and the United States have proved one thing: 
States or cantons in union may enjoy a fairly lasting peace 
among themselves, provided they are subordinated to a 
superior force, and, furthermore, endowed with certain 
fundamental liberties in connection with rights, languages 
and beliefs, accorded to all their individuals, who are thereby 
constituted citizens. 

By eugenics (Galton) we mean the slow hereditary ameliora- 
tion of our human races, in all physical and mental respects, 
by means of a wise artificial selection; that is, by wise inter- 
marriage and a wise choice of individuals to propagate their 
kind. To all action which has the effect of a prerogative upon 
our heredity, on the other hand, I have given the name of 
cacogenics. Warfare between primitive men improved their 
strength, skill, guile and intelligence, and the size of their 
brains by eliminating the weakest and most stupid among 
them. But it debased and ruined their social sense and their 
willingness to work for a good end, so that its action was 
eugenic on the one hand and cacogenic on the other. 
Modern warfare, however, conducted by a general with 
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cannon and shot, picks out for sacrifice the men who are best 
in every way, and is entirely and immediately cacogenic. 
This was proved by the world-war of 1914, better than ever 
before. 

Here we come to the most distressing questions that face 
present-day humanity as a whole. Our civilization and our 
intellectual and technical perfectibility are apparently still 
increasing, even with gigantic strides, owing to printing, 
libraries, electricity and devices for transport. But instead of 
increasing in itself, the overworked brain of present-day man 
is becoming enfeebled and, on the whole, deteriorating in 
hereditary value; it is probably less on an average than that 
of our ancestors in the time of Confucius, Socrates and 
Marcus Aurelius. It simply cuts a spectacular figure by 
reason of the treasures bequeathed to it by its ancestors, 
whom it can do little more than plagiarize. This is certainly 
a hard word, but I think it is true. 

An international society of nations is being constituted 
at the present moment. It has become inevitable; but our 
problem is, how to give it an organization which will prevent 
it at the very start from going the way of China, becoming 
degenerate and corrupt, and thus covering the whole human 
race with the shadow of its misery and disaster. 

At the end of his History of Materialism, Lange wrote: 

‘“‘We lay aside the pen of criticism at a moment when the 
social question is stirring all Europe, a question on whose 
wide domain all the revolutionary elements of science, of 
religion and of politics seem to have found the battlefield for 
a great and decisive contest. Whether this battle remains a 
bloodless conflict of minds, or whether, like an earthquake, it 
throws down the ruins of a past epoch with thunder into the 
dust, and buries millions beneath the wreck, certain it is that 
the new epoch will not conquer unless it be under the banner 
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of a great idea, which sweeps away egoism and sets human 
perfection in human fellowship as a new aim in the place of 
restless toil, which looks only to the personal gain. It would 
indeed mitigate the impending conflict if insight into the 
nature of human development and historical processes were 
more generally to take possession of the leading minds.” 

We must needs accept the challenge, seeing that Lange’s 
prophecy, written in 1874, came to pass between 1914 and 
1923, in the sea of blood poured out by twenty million 
slaughtered human beings. One question takes precedence 
of all others: In the future society of the nations, what must 
be centralized and what decentralized? 

The first work of centralization should be brought to 
bear upon a great supernational army, which is absolutely 
necessary to subdue the present absolute rule-of the fierce 
national groups of human wild beasts known as States. This 
supernational army, commanded by a pacifist general and 
admiral, must always be ready and capable, until the enor- 
mous majority of States have gradually rallied to it. Then, 
and then only, it will require some fifty to a hundred years 
for such an army to be relegated to a museum of antiquities, 
for its only use thereafter will be to fire guns at the moon or 
some planet. Furthermore, supernational laws must establish 
various individual liberties, in such a way that no state will 
have any more power to suppress or disturb them; this will 
be the great task of a world-council. These liberties are: (1) 
civil liberty for men and women; (2) liberty of language; (3) 
liberty of belief; (4) proportional representation of minorities; 
(5) the right of groups calling themselves national to separate 
themselves from a State by the plebiscite; (6) the right of the 
people to socialize private property in some way or other by 
vote of the majority of individuals, etc. 

On the other hand we must decentralize the Universities 
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and scholastic authorities of all ranks, in order to free them 
from every bureaucratic yoke and from the terror of examin- 
ations, at the same time organizing them on the model of the 
“New Schools’ with a minimum of obligatory instruction. 
We must in a general way disestablish all the autocracies and 
bureaucracies of States, provinces and even towns, and give 
normal individuals of both sexes a corresponding increase in 
freedom and responsibility, from youth upwards. We must 
disestablish all obligatory creeds and substitute freedom of 
individual belief assured by law. We must not imitate the 
centralization of French intellectualism in Paris; it has done 
a great deal of harm to France and to independent thinking 
even in Paris. 

Thus in a word the supernational authority, directly elected 
by the nations, will in no sense of the word oppress them and 
must be merely a federation so organized as to safeguard 
liberties and their truly national aspirations against the 
arbitrary tyranny of States. It is for this purpose alone that 
the sovereignty of States should be limited, which means that 
it must be an improved form of that of the Swiss cantons and 
of the United States of America; the present States must 
continue to exercise only relative sovereignty. 

In spite of all his bad antisocial instincts, man can be 
tamed, owing to the individual plasticity of his brain, but 
only by means of a good social organization set 1n action by 
various means to which I have alluded above, and others 
also. It will be chiefly at a later date, after the definite 
cessation of wars between States, whose limited supremacy 
will be placed under the egis of a world-council freely 
elected by all nations, and the protector of their liberties, 
that humanity will find itself able to make real progress. But 
any such supernational organization must be sustained. 
For this purpose every State must be required to enforce a 
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minimum of obligatory work upon all healthy individuals, 
whatever the nature of the social service. 

One human formicary, united throughout the whole . 
world, and at the same time divided into a host of multi- 
cellular individuals, townships, nationalities and States 
superimposed upon one another, but supple in their re- 
stricted liberties, will replace the barbaric conditions of our 
ancestors and all their warlike anarchies. It will free 
humanity from a great deal of distress, without, however, 
realizing the Utopian ideals of certain visionaries for a 
quickly-approaching earthly paradise in which all men 
suddenly become angels. No—we shall always have need, 
alas, of laws, tribunals and police, even prisons and mad- 
houses, by reason of the pitiless heredity of our innate 
feelings. But all these things must be completely reformed. 
Many lunatic asylums have already set us good examples in 
this respect. We may hope that the eugenics of the future, if 
well applied, will even be able to improve by small degrees 
the quality of our higher races. Such a social cosmos in a 
supernational human formicary, united by federation 
throughout the world, is a real possibility. It is even certain 
to come to pass, however painful be the process of its gesta- 
tion by a scarce-conscious plurality of rulers, whereas our 
little friends the ants are, most fortunately for us, incapable 
of it, and we have seen why. 


INTERNATIONAL PaRABIOSIS OF THE NATIONS OF THE WoRLD 


Grotius in the 17th century, Béranger in the 19th and I 
myself in 1914 (in my ‘United States of the World,’ Ezazs 
Unis de la Terre) dreamed of such a Utopia. But, long before 
any of us the ants had realized the true universal fraternity 
in equality and liberty, in the form of parabiosis for communal 
work. Work in the midst of general peace is the true 
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liberty. But in man, unfortunately, this social work must be 
obligatory. The reign of idleness and its privileges must 
cease, for at all times and in all places they lead to degeneracy 
in the individual, as with the ‘rois fainéants,’ or in the race, 
as with Strongylognathus testaceus and finally Anergates (see 
Vol. III, Chapter VI). 

Nevertheless, as a basis for education, this kind of 
obligation, if well co-ordinated from childhood onwards 
with the hereditary aptitudes of each human being, ceases 
to be the drudgery nowadays described by our reactionary 
and retrograde capitalists in the hope of terrifying the 
people. Rather does it become a secondary automatism, so 
beneficial that the individual can scarcely dispense with it in 
later years. 

I myself have found that certain elderly workers who have 
amassed great wealth in the illusion that they would find 
happiness in the evening of their lives, become the victims 
of the most fearful neurasthenia, caused solely by the 
inaction which they had at last attained after desiring it 
so long. 

Given the passions and weaknesses of man, however, we 
must fight with all our strength, by means of good legislation, 
against all the social causes which enflame our unwholesome 
passions—such as alcohol, narcotics, gambling, debauchery 
and luxury, for these are the worst hindrances to the social 
well-being of all in that peaceful federation of nations to 
which we must aspire. The scientific religion of man’s social 
well-being—this must be the religion of the future, and, like 
that of the Bahais, it must be free from doctrine and from 
metaphysics, uniting all that is truly good and purely human 
in the ancient religions. As for a God incomprehensible to 
man, whom some believe they can know or feel, whom many 
adore and others fear or even curse, and whom many people 


352 THE SOCIAL WORLD OF THE ANTS 


bedeck with their human attributes—we may leave every- 
one free to adorn this idea with whatever metaphysics he 
pleases. The religion of the social well-being of man has no 
concern with Him: neither have I seen His temple among 
thesantse 

Farewell, dear reader; I now lay down my pen. Ponder 
all this and grow wise, a true Linnean Homo sapiens—that 
is, unless you are one already! 


A. Fore 


PRATER xvi 


Nest of Termes Redemanni at Ambalangoda (Ceylon), 
after a photograph by C. Ferriére. 


[Dy. Bugnion is seen standing on the left of the picture. 


THE WAR BETWEEN THE ANTS AND 
TAR SCE RMITES 
AX SIPUUDAY “(Ol2 ANSHR CORE IIN) OM TINSaMoN(ear 
By Prorsssor Epovarp BuGNnion 


Tue TERMITES 

Termites in tropical countries have no enemies more 
dreadful and more dreaded than ants. Between these two 
little creatures there is perpetual strife, an interminable 
war which has been relentlessly pursued for thousands of 
years. It is also a well-established fact that the highly in- 
genious and varied measures of defence devised by the 
termites are practically all intended to protect them from 
the attacks of the ants, their hereditary enemies. 

Termites are social insects, and are always grouped in 
colonies. Every nest or termitary regularly contains three 
categories of individuals known as castes: the sexual forms, 
workers, and soldiers (See Plate XVIII.) 

The sexual forms (male and female) have one function 
only, the reproduction of the species and its dissemination 
over a wider area. Derived from larve similar to those of 
the workers (their mouth-parts are identical), they differ 
from them inasmuch as they do not attain their permanent 
condition after a simple larval phase; but pass through 
a second stage, in the, course of which the rudiments 
of wings, eyes, ocelli and sexual glands appear. The larve 


1Although the workers and soldiers are usually sterile it has been observed 
that so-called asexual individuals, especially among primitive termites, are 
sometimes furnished with genital glands. 
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of the second stage, which are known as nymphs, and are 
recognizable by their wing-stumps, their long abdomens, 
their milk-white colouring, and their two small black eyes, 
undergo a supplementary moult, the chief purpose of which 
is to free the wings from their sheath. This moult, a 
slighter matter than the others, is only a change of skin, 
and takes very little time. 

When they reach the state of perfect insects or imagines, 
the male and female sex-forms for the most part will swarm. 
It is at this stage that most of them escape from the termi- 
tary, rise up into the air in large masses and sometimes, 
attracted by the lamplight, invade bungalows. 

The worker, an apterous, whitish creature, usually blind 
and without reproductive organs, may be regarded as a 
termite which has remained in the larval stage (arrested 
half-way). It is endowed with dentate mandibles for 
carving wood, and its principal mission is to gather wood- 
débris outside the nest, fill its intestine with it, and use the 
ligneous paste thus produced for constructing fungus 
gardens. It is upon the worker too, that the greater part of 
the work devolves; firstly, the labours of construction; 
secondly, feeding the queen and king; thirdly, ‘licking’ and 
transporting the eggs. The worker’s life comprises two 
distinct periods, separated by a phase of immobility corres- 
ponding to a main moult. During the first period, the still 
soft and delicate larva, with its uniform white colour, is 
incapable of carving wood and lives on fungi. During the 
second, the termite, which has acquired horned mandibles 
and a more resistant head (yellow or brownish) is capable 
of carving wood and attending to the work which falls to 
its share. 

The soldier is farther removed from the sexual form, and 
constitutes a separate type. Its head is hard and elongated, 
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Fig. 3. Small worker 
x 8. 


Fig. 4. Queen (natural size). 


Termes Hornt. 
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with a basilary plate! welded to the underside of the head. 
Its curved, sickle-shaped mandibles, ill-adapted for carving 
wood, are weapons of offence and defence. The soldier’s 
task is to defend the colony (against ants, millipedes, etes); 
and it fulfils this duty with a courage which is proof against 
all trials. It is more alert than the worker and has the moral 
guidance of the community as a whole. We shall presently 
see how the soldiers, in case of accident (destruction of 
part of the wall) bring the workers up to the breach and 
organize both the repairing and defensive measures. The 
soldier’s life, like that of the worker, is divided into two 
periods, separated by a phase of immobility corresponding to 
the main moult.? 

The following observations, mostly made in Ceylon in 
the course of four consecutive winters (1909-1913) are 
concerned with the defence-measures employed by termites 
in the wars which these insects have to wage against the 
ants. 

1 We may take as our first example the higher termites or 
dome-constructors, represented in Ceylon by Termes Redemanni 
and obscuriceps. ‘The dome (termite-mound) which is almost 
conical in shape and about 1-2 metres high, consists of 
fragments of earth stuck together with saliva, forming a 
hard mass which may be compared with cement. Its outer 
crust, 15-20 centimetres thick, is difficult to break down, 
even with a pickaxe. The higher termites are essentially 
fungus-growers. Their workers are constantly occupied in 
gnawing dead wood, and they use the half-digested pulp 

'The basilary plate of a Calotermes soldier can be clearly seen in Figure 2 


of Plate XXIV. 


2The number of the moults is not yet exactly known, in the higher 
termites. According to Grassi and Imms, four to five moults have been 
counted in the case of Ca/otermes, and at least four in that of Archotermopsis, 


before their complete development. 
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(which contains spores) to form fungus-gardens, a sort of 
spongy mass (Fr. meu/es). 

The termite-mound contains a large number of cavities 
or compartments intended for sheltering fungus, and these 
communicate with each other by very narrow passages. It 
is in the depth of the structure, at the level of the ground or 
a little below it, that the most numerous and largest com- 
partments are found. There also we may see the most 
prosperous gardens. The number of compartments in a 
good-sized termite-mound may be estimated at over a 
hundred. 

The gardens, an essential item in the termite-mound, are 
made of partially-digested wood-paste, emitted from the 
rectum of the workers in the form of brown dung, but 
treated again by the mouth-parts and stuck together with 
saliva. ‘They are brown in colour, friable, and usually some- 
what damp, have a multitude of cavities which add to the 
amount of surface available for planting and facilitate the 
access of air to the interior. 

A garden that is being fully exploited—such as we find 
more especially in the neighbourhood of the royal cell—has 
both its external and internal surfaces covered with a 
delicate greyish mycelium, formed of interlaced filaments 
and bearing small white balls or ‘kohlrabi heads,’ about 
one mm. across, which I have called ‘mycotétes.’ When 
these are viewed under a microscope, they display ramified 
stems laden with conidiophores and conidia (fungus-spores), 
which serve as food for the young and the royal couple. 

The fungi found in termite-nests, according to J. Petch,! 
are of two different kinds, an agaric (Volvaria eurhiza) and 


a xylaria (X.nigripes). The agaric (when developed outside 


Insects and Fungi,’ Science Progress, Oct., 1907. 
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an abandoned termite-mound) forms an edible cap-shaped 
fungus, brownish at the top, with white lamelle, and reach- 
ing a height of 25 cm. Xylarias appear in the form of 
cylindrical, whitish stems, about as thick as a pencil, which 
become swollen and brown towards the tip. 

Gardens placed under a cover for observation purposes 
seldom produce any agaric, but only xylarias. It is a curious 
fact that the white balls or ‘heads’ (mycotétes: a special 
product of the agaric) do not flourish in laboratories, but 
soon undergo a kind of melting process. It seems as 
though the atmosphere of the termitary were indispensable 
to their success. 

As for the sowing of the gardens, in my own opinion it 
goes on of its own accord, from the very first day, by reason 
of the conidia contained 1n the wood-pulp. When examined 
under a microscope, the contents of the worker’s rectum 
certainly prove to include a large number of ill-digested 
conidia, apparently capable of germinating amid the wood- 
débris. Hence in order that the ligneous paste may contain 
a quantity of seed, it is only necessary for the worker 
termite to swallow from time to time, in addition to the 
wood-débris, a supplement of ‘heads.’ 

Every termite-nest shelters at least one egg-laying queen 
confined in the ‘royal apartment’ in the company of her 
spouse. This worthy matron, in some species 6-7 cm. long, 
drags her enormous abdomen behind her, and is practically 
incapable of moving. If placed on a table, she can advance 
but a few steps at the utmost. 

The king is smaller and more agile. He is sepia-brown, 
about 12 millimetres Jong, and resembles a_ perfect 
termite without wings, but with a somewhat larger abdomen 
than usual. 

The apartment containing the royal couple is an elliptical 
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crevice, about 2 centimetres in height by 10-12 in width 
and depth. No spongy bodies are ever to be found within. 
Carved out of a hard, compact mass of earth, it lies at the 
bottom of the termite-mound almost on a level with the 
ground, sometimes a little above, sometimes a little below, 
the surface. 

Its smooth, uniform walls are perforated with a large 
number of passages which allow the workers and soldiers 
to come and go, but are too narrow to enable the king to 
pass. He is shut up for life with his consort. The food of 
the royal couple consists mainly of mycotétes (brought to 
them daily by the workers and soldiers) in addition, ap- 
parently, to a certain amount of saliva disgorged by these 
diligent caterers. 

At times we find two queens instead of one enclosed in 
the same apartment with one or two kings. An apartment 
with three queens is a much rarer find, and an apartment 
with four queens is quite exceptional. Only once did I 
observe in the same cell (T. Redemanni), in the company 
of one king, four plump queens of practically the same size 
(4-5 centimetres). 

The termite queen with her two enormous ovaries is, if 
I may so express it, a veritable egg-laying machine. 

Escherich has estimated the number of eggs produced by 
the adult queen of Termes bellicosus at 30,000 a day. As the 
egg-laying process is continuous, this figure when multiplied 
by 365 gives 10,950,000 in one year, more than 150 
millions to a single female, supposing that her life is pro- 
longed for fifteen years. 

When the naturalist approaches a termite-mound, he 
seldom sees a single termite outside. The dome certainly 
possesses a few fairly large passages (ventilation chimneys) 
opening on to the surface a little below the top and leading 
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to the depth of the interior. But these passages, which serve 
for the coming and going of the workers, during the period 
of construction, are always subsequently closed. If a few 
fissures are left for ventilation purposes, we may be sure 
that the soldiers guard them well and allow no intruder to 
enter. 

The inhabitants of the nest (workers and soldiers) do 
not expose themselves in the open, but go to and fro through 
subterranean galleries on their visits to places near at hand, 
where they can cut pieces from dead trees and provide 
themselves with wood for the purpose of constructing their 
gardens. These galleries, which, so it is said, may extend 
for more than 100 metres, are completed by a covering of 
hard earth wherever they come near the surface. If, for 
example, a tree-trunk has been felled to the ground and lies 
ready to be exploited, large crusts of earth may be observed, 
filling the empty space (between the soil and the tree), and 
carefully blocking up the rifts in the bark, thus sheltering 
the workers from the ants. 

The same dispositions are observed inside bungalows 
which are invaded by termites—by Termes obscuriceps in 
Ceylon, for example. The little cordons or tunnels of hard 
earth, which lead from the nearest nest to a chest placed on 
the ground or a picture hanging on the wall, and which 
betray the presence of termites, are manifestly protective 
measures. Their purpose is to enable the workers to exploit 
the contents of the chest or gnaw the picture frame, without 
being molested by red ants (Bcophylla smaragdina), the 
habitual guests of bungalows, which are much better armed, 
and would not fail to devour them if they were imprudent 
enough to move about in the open. 

Very detailed precautions are likewise taken at the 
moment of swarming. Among others I may cite a few 
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observations made at Seenigoda on January Ist, 1912, during 
the swarming of Termes Hornt, a fungus-growing termite, 
which does not construct domes, but is content with 
subterranean nests. 

The termitary, which was entirely hidden, lay at the foot 
of the bungalow, partly under the turf and partly under the 
trench which served to drain off the rain-water. It was 
half-past six in the evening. Winged termites were seen 
coming out of two openings carved in the bottom of the 
wall, through the brick-joints. The holes were the size of a 
goose feather and just large enough for their passage. Each 
opening was surrounded by a yellow patch as large as a 
hand, formed chiefly of workers, with a relatively small 
squad of soldiers for the protection of the sexual forms in 
case of alarm. These creatures had to walk one behind the 
other, with their wings folded along their backs: but they 
moved so quickly that in half an hour’s time several 
thousands had passed. 

On reaching the open air, the termites beat their wings 
and fluttered at the foot of the wall for a few moments, then 
took to flight and soon disappeared above the house. In 
a short time, a number of swarms, attracted by the lamp- 
light, had invaded the verandah. 

When I came back at about 8 o’clock, I saw that the 
exodus had ceased. I also observed that the two holes were 
blocked up with earth. In their terror of the ants which 
might have found a way in, the termites had taken the 
precaution of closing the holes when they withdrew. These 
defensive arrangements certainly seem to prove extra- 
ordinary sagacity. 

The termites, with their soft bodies and unprotected 
abdomens, live in the midst of a hostile race. Fierce ants, 
ten times better armed and more agile, are lying in wait 
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for an opportunity of devouring them. And yet, except 
when a man’s tool or an ant-eater’s claw happens to make a 
breach in it, the nest, with its subterranean avenues and its 
vast system of cavities, is so well protected and guarded 
that its countless inhabitants develop and prosper within 
in the most perfect security! 

It is chiefly when some brutal interference suddenly 
deprives the termites of these protective measures that we 
are able to form a clear judgment as to their importance, 
and at the same time, of the ingenuity of the workers. 
An experiment which I made at Ambalangoda on December 
25th, 1909, is particularly instructive in this respect. 

The sky was overcast and the thermometer stood at 28°. 
The termite-mound (T. Redemanni) of yellowish earth 
formed a large cone a metre high, with several ventilation 
chimneys opening obliquely a little below the top. I cut 
into the wall with a hatchet and found, about 12 cm. 
down, a round chamber as large as an orange. The spongy 
mass inside this chamber remained intact. At that moment 
only a few termites could be seen on its surface. 1 removed 
the whole outer wall, swept away the débris and went away 
for a few moments. 

On my return I was forced, somewhat against my will, 
to witness a real drama. Some very agile ants (Plagiolepis 
Jongipes), scenting good fortune, were already on the spot. 
Forcing their way into the chamber, which was now dis- 
closed to view, they seized the young larve and stole away 


1The only occasion on which termites (sexual forms) are massacred in 
very large numbers is during the process of swarming, when, having left the 
nest and suddenly found theméelves deprived of all protection, they fall 
defenceless into the power of their sharp-toothed enemies. The facts are 
well known and I need not dwell on the matter here. We need only remem- 
ber that nature, with her usual foresight, produces males and females in very 


large numbers. 
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as quickly as possible, carrying their prey. Had this daring 
raid been further prolonged it would have ended in a real 
disaster. 

Though a little anxious at first, I was soon convinced 
that the industrious termites are by no means disposed to 
allow themselves to be massacred. As soon as they received 
warning,! a multitude of soldiers rushed up, Organizing 
the defence, they arranged themselves in a circle all round 
the opening, opened their mandibles and offered resistance 
to the ants. 

The workers for their part lost not a moment in getting 
to work. They brought up little slabs of earth from the 
interior of the. nest, moistened them with saliva, deposited 
them at the surface of the fungus-bed (which was still 
intact), and began to construct a system of pillars. In 
half an hour’s time a sort of lace-pattern could be traced, 
formed out of damp earth, whose dark colour stood out 
clearly from the adjoining places. This lacework of earth 
was the first sign of an operculum or cover which was to 
be propped up in a few minutes on the pillars, leaving no 
sign of an opening. 

A crack several millimetres broad, like a miniature trench, 
round the principal wall and the edges of the operculum, 
was occupied by the soldiers, which remained in circular 
formation all the time and opposed themselves unflinchingly 
to the invading ants. Remaining firmly at their posts, and 
protected by the trench in which they sheltered, they kept 
good watch until all danger was past. 

Being pressed for time and somewhat stiff, I was not 
able to watch the repairing of the breach until the end. 


1Under certain circumstances, the Termes Redemanni soldiers can emit 


a rustling noise, a kind of alarm signal, which the workers perceive by means 
of their chordotonal organs. 
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But when I came back a fortnight later, I saw that not only 
had the termites closed the chamber, but the excavation 
in the wall itself was also practically filled in. To achieve 
this last piece of work (the application of new layers to the 
outer surface of the operculum) they had, I believe, jour- 
neyed through small openings worked in the thickness of 
the new-formed crust or arranged on its periphery. It is 
indeed very improbable that the prudent termites ventured 
to the surface of their dome without reserving some means 
of returning thither as speedily as possible in case of alarm. 

After satisfying himself (1) that the soldiers, whose duty 
it is to organize the defence, are absolutely blind and (2) 
that the workers whose duty it is to carry out the reconstruc- 
tion are puny insects, 5 millimetres long at most, the 
biologist who witnesses an experiment of this sort is amazed 
and confounded. His admiration grows still further when 
he tries to discover the directing force which commands the 
termites and the moral bond of union between them— 
and can find nothing at all. At length he is forced to con- 
clude that the actions of these little creatures (which seem 
at first sight to be co-ordinated and well considered) are, 
most probably, altogether instinctive. 

2 Other examples are provided by Eusermes. 

The genus Eutermes (Hagen’s nasutus) is distinguished 
from other termites in that the soldier bears at the front of 
its forehead a projection (frontal horn) traversed by a 
duct. A contractile ampulla inside the head secretes a 
viscous fluid which flows through the excretory duct and 
exudes in drops at the tip of the horn directly the termite 
is attacked. As ants have a special dread of coming in 
contact with this liquid, it is a very valuable means of 
defence for Eutermes. For example, when an Cicophylla 
climbs along a trunk to attack Eutermes monoceros and 
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receives the contents of the ampulla full in the face, it falls 
almost immediately from the tree. Henceforth it is van- 
quished, and incapable of resisting. Whether it is the 
viscosity of the secretion which has this effect, or some 
special chemical action, the facts remain that if we follow 
the ant which has fallen on the ground, we see her busied 
for a long time in rubbing her mouth-pieces against stones, 
roots, etc., in the effort to free herself from the liquid which 
limes them. 

Bathellier, the director of the Phytopathological Institute 
at Saigon in Indo-China, made a very convincing experi- 
ment on this subject. It was concerned with Eutermes 
matangensis, a wood-gnawing species which frequently 
installs itself in houses and causes serious damage. The 
following is an account of the experiment approximately 
in the author’s own words : 

“T took fifty Euzermes soldiers and enclosed them in a 
Petri dish in the company of six reddish, large-sized ants. 
After a few minutes I removed the cover of the basin and 
found my six ants all tangled up and scarcely able to move. 
One of them tried to stir, and a soldier immediately stopped 
her by thrusting its rostrum in her direction and giving her 
a douche. I observed, moreover, that there was no contact 
and that the rostrum of the Eusermes continued to point in 
front only for a very short time. Three of these ants were 
unable to leave the dish except with my assistance. Their 
mandibles were stuck together. Little grains of sand and 
minute fragments of wood stuck to their bodies, especially 
to their heads. Left unaided, the three others did not succeed 
in freeing themselves. The more they struggled, the more 
their limbs stuck to each other and adhered to their bodies. 
Soon they were rendered completely motionless, and finally 
they succumbed. 
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When observed under the microscope, the ants which 
had come in contact with the Eutermes soldiers proved to 
be covered with little round spots like drops of a very 
thick syrup. Owing to their viscosity, these spots, which 
were often confluent, had retained all sorts of debris which 
still stuck to the surface of the integument.’ 

As their cephalic ampulla provides them with sufficient 
armour, the soldiers of the genus Eusermes have, on the 
other hand, very reduced mandibles. When they engage 
in combat with ants, moreover, it is not with their teeth 
but with this ampulla that they strive to resist their 
aggressors. 

The following observation upon some cocoa-tree termites 
(Eutermes ceylonicus Holm.) is very instructive in this 
respect. 

This species, which belongs to the ‘low country,’ nests 
in the earth under the roots of the cocoa-tree, sometimes 
also at the foot of the Kitul palm, from which the natives 
draw. syrup. The presence of these insects is betrayed by 
long, greyish cordons trailing along the trees and rising 
from the roots right up to the terminal bud. These cordons, 
which are almost as thick as a pencil, are so many little 
tunnels for the protection of termites (workers and soldiers), 
in the tree-tops, against the ants. 

The Eutermes cordon, which is formed of wood-débris 
and grains of earth glued together, provides a precious 
source of study for the naturalist. It is only necessary to 


1This interesting observation vividly recalls the defence measures of the 
Dolichoderine (see Part I, Chapter IV, and Part IV, Chapter III) The 
secretion of the anal glands of these ants contains no acid; it ferments on contact 
with the air, and quickly becomes a resinous mass which impedes the an- 
tennz of the enemy and puts it out of action, like the viscous fluid of Eusermes 
[Forel]. 

BB2 
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remove a small segment of the tunnel with a knife 
(preferably on the eye-level) and the work of re- 
construction can be easily followed with the help of 
a lens. 

An experiment of this kind was made on the plantation 
of Seenigoda, on December 19th, 1909, at 8 o’clock in the 
morning. It was a magnificent day. The thermometer 
stood at 25 degrees. The cordon facing the east was in the 
full glare of the sun. On scratching the wall for a distance 
of one centimetre, I first of all saw some dozen soldiers 
appear at the opening, then advance a few steps and arrange 
themselves in a circle, with their frontal horns thrust 
outside, ready to face an expected enemy. When I came 
back after a quarter of an hour the termites had all returned 
to the galleries and were already occupied in repairing the 
part destroyed. A row of soldiers remained at the level of 
the opening with heads thrust outwards and bodies with- 
drawn into the interior. They were waving their antenne 
about vigorously while they chewed busily at the edges of 
the breach and moistened them with their saliva. A damp 
border, darker in colour than the rest of the wall, was 
already visible all round the hole. Soon there appeared a 
labourer of another kind, belonging this time to the worker 
caste. When she had recognized the place by means of 
her antenne, she veered round sharply, turned her anal 
extremity to the breach, and deposited upon it an opaque 
drop of a yellowish-brown colour, expelled from her rectum. 
Soon after this another worker appeared, also from the in- 
terior, holding in her mouth a grain of sand, which served 
as a fragment of rubble and was laid on the droplet at the 
place assigned. 

This performance was henceforth regularly repeated. 
For half an hour I was able to watch the alternation: first 
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one termite (worker) would inspect the breach, turn round 
and emit her yellow droplet, and then another laden with a 
grain of sand would place it at the edge. Some of them 
brought small scraps of wood instead of grains of sand. 
The soldiers, which were constantly waving their antenne, 
seemed to be specially concerned to protect the workers 
and direct their work. As in the first place, they were 
drawn up in a line on a level with the opening, but they 
made way directly a worker came on the scene, and 
apparently directed her to the spot where her burden was to 
be laid. 

I withdrew for a few moments on account of the fierce 
sun, and found on my return that the injured part had been 
almost repaired. A narrow slit, 2 or 3 millimetres 
long, was all that remained to fill up. Several pairs of an- 
tenn still showed through this slit, but this was the only 
indication that the little labourers were moving about below. 
Still using my glass, | managed to see two or three yellow 
drops spreading out over the edges, and others trickling 
through the crevices here and there. A few grains brought 
from the interior were successively applied to the surface 
which had been smeared with glue, and that was all. The 
vault was now constructed, although it was somewhat more 
depressed than the rest of the tunnel. The repairing-work, 
which had been carried on entirely from within, had lasted an 
hour and a half; soldiers and workers (relatively few of the 
latter) had shared the labour by common accord. 

The most remarkable fact about an observation of this 
kind is that totally blind insects should be able to recognize 
with such certainty the mishap that had befallen their 
tunnel, to come to an understanding among themselves, 
within a few moments, as to the work that had to be done, 
and then apply themselves each to its allotted task, and 
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reconstruct the wall in exactly the right place. Over and 
above the highly-developed tactile sense in the antenne 
and palpi, over and above topochemical smell, it seems as 
though some photometric faculty must enter into this 
process. Although the sexless termites usually have no 
eyes, they are keenly sensitive to light,-and most of them 
dislike it. When placed in a box with pieces of wood they 
hide under the débris directly the lid is raised. In the case 
of the partial destruction of a tunnel, the light which 
suddenly reaches the interior is the first stimulus to bring 
the brave little soldiers to the breach. When they foresee an 
attack, their first care is to attend to the defence. Then 
follows palpation with the antenne. On completing their 
inspection, the soldiers give warning to the workers inside 
the tunnel and summon them to the rescue. 

Eutermes matangensis (observed at Saigon) also constructs 
little cordons along trees. Bathellier has taken advantage of 
this fact to make an experiment comparable to my own, 
but with this difference, that near his site were some very 
ageressive black ants. A breach having been made, the 
ants rushed at the workers which appeared at the opening 
and bore off a certain number of them. A few moments 
later, when the soldiers had formed a circle of defence 
round the damaged part, the ants fell back along the whole 
line and forthwith ceased to attack the workers. Bathellier 
mentions another interesting detail. If one of the ants 
which were running along happened to get within some 
2 centimetres of a soldier, she would retire without 
any attempt at resistance. This distance of 2 cm. pro- 
bably indicates the range of the viscous liquid projected by 
the rostrum. 

A third observation is concerned with Eutermes lacustris, 


of Ceylon (described in 1912). On November 22nd, 1910, 


APPENDIX 369 


I encountered a nest of this species in a hollow tree (man- 
grove) at the edge of Lake Ambalangoda. I cut off with my 
hatchet the parts of the trunk occupied by the termites, 
put them into a bag and carried them to the bungalow. 
Some hundreds of soldiers and workers, as well as a large 
number of nymphs, were packed close to one another in- 
side a wrinkle in the wood. 

In the hope of obtaining winged adults, I had a little 
box made out of hard wood, covered it with a piece of 
glass which fitted into two grooves, and placed in it 
the pieces of wood which I had brought back from my 
excursion. 

My installation was now complete. When I came back 
the following day I found that the table which bore the 
box had been invaded by ants (Phetdologeton diversus). As 
the glass was fairly loose, I at first expected disaster. But 
nothing of the sort had happened. 

On receiving news of the danger,! the soldiers had formed 
up in line on the table, all round the box. A guard in close 
rank was also standing on the lid along the grooves which 
held the glass in place. The valiant little soldiers had been 
facing the enemy with their frontal horns and had not 
allowed a single ant to work her way in. The terrible 
Pheidologeton had turned their attention to a box of beetle 
larve and devoured its contents. The termite box was then 
placed on a table protected from ants and standing with its 


1When disturbed, the soldiers, which are 4 millimetres long, completely 
blind, and characterized by their sepia brown heads and pale yellow abdomens, 
give signs of alarm (convulsive trembling) similar to those of Eutermes mono- 
ceros. The liquid secreted by the cephalic ampulla drips to the end of the 
frontal horn in the form of a transparent and very viscous drop. The worker, 
which is 4-44 millimetres long, wears almost the same livery as the soldier. 
The nymphs, which are soft and plump and 7 millimetres long, have black 
eyes and dark brown wing stumps. 
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legs in water. Despite my precautions, the hatching of the 
nymphs could not be observed that year. 

Under natural conditions Eutermes lacustris insures her- 
self against ants (like the species already mentioned) by 
making long brownish-coloured cordons (tunnels) along the 
trees out of scraps of wood and agglutinated dung. If the 
tree which bears the nest does not happen to supply wood 
of a suitable quality, the termites choose another and con- 
struct a tunnel along the trunks to enable them to come and 
go. Perched in a hollow tree or exposed to the open air, 
the nest of dark brown carton, with its hard outer covering, 
is so well protected by the soldiers, standing on a level with 
the openings, that the ants can obtain no access to the 
interior. 

A fourth observation deals with Euzermes monoceros of 
Ceylon, sometimes known as the black termite. Its habits 
are different from those of the above species, for it constructs 
no tunnels, but goes instead on voyages of discovery which 
are very interesting to observe from our point of view. 
Constantly exposed to the attacks of the ants, the army is 
obliged to have a perfectly regulated watch on guard at the 
moment when it sets out on the march. 

First of all a brief description of this termite’s appearance 
will not come amiss. The soldier is nearly black, 4-5 milli- 
metres long, and the protuberance of its occiput makes it 
look in profile (Plate XX) like a little horseman with a 
helmet on his head. Its thorax is concave like a saddle, but 
its abdomen is well rounded. The worker, of the same 
size as the soldier, is also black, while the larve (observed 


1'The adult sexual forms have since been found at Hantana by the Russian 
naturalist Oscar John, in a magnificent carton nest which stood in the fork of 
a tree branch, exposed to the open air. With Mr. John’s permission I des- 


cribed them in Spolia xeylanica, 1914, and I here reproduce the photograph 
of the nest (See Plate XIX) P photograp 


PLATE- XIX 


Nest of Eutermes lacustris, observed at Hantana (Ceylon). 


(After a photograph by Mr. O. John.) 
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before the last moult) are still absolutely white. The pretty 
little queen represented in fig. 3 (18 millimetres long) was 
found at the bottom of a nest which filled the hollow part 
Oteanttee. 50 fat as 1 know, the king has not yet been 
described. 

The business on which E. monoceros sally out en masse 
consists in gathering lichens from bark to bring back to the 
nest as food for the larve, and possibly also for the royal 
couple. 

The following observations deal with two colonies kept 
in captivity during the winter of 1910-11. The first nest, 
which was brought in on December 18th, was installed in 
the dry stem of a Pandanus ceylonicus (a large aquatic tree 
of the order Bromeliacez), 24 metres long, found on the 
edge of the lake at Ambalangoda. This stem was placed 
upright in a corner of the hut (laboratory), and from the 
first evening the termites went out in their usual manner. 
Four cocoa-trees, situated a few metres away, were visited 
in twelve days for the purpose of gathering lichens. The 
army that gathers in the spoils forms large black patches 
against the trunk, sometimes reaching as high as the first 
leaves. Each patch is divided into little groups, flanked by 
soldiers. Some of the workers in each group are occupied 
in gathering, while others receive the lichens from the 
labourers’ mouths and collect them together in little masses. 
It is these last which can be seen in the returning army 
bearing their greyish-coloured parcels between their man- 
dibles, while the others, much more numerous, simply 
return empty-handed. 

On January Ist a second hest, round in shape and formed 
essentially of wood-carton, was brought to the laboratory 
and placed on the table some distance away from the other. 
The first day no movement was noticed. The following 
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night, the Eutermes of nest two took advantage of the 
absence of the army of nest one to invade the cavity of the 
Pandanus stem. This caused a battle when army one 
returned. The table was strewn with dead. The corpses, 
mostly workers, were more or less mutilated, and many of 
their legs and antenne were amputated. The war lasted two 
days, after which peace was concluded and the two colonies 
combined to make one. Colony one, which probably had 
no queen, gradually abandoned the Pandanus stem and 
fused with colony two. 

The army having become very large (owing to the 
fusion of the two armies), the expeditions were hence- 
forth exceptionally interesting. Between January sth and 
February 18th, 44 took place (one every evening). Eleven 
new cocoa-trees, some being 15-20 metres away, were 
exploited in turn. Sometimes a large squad would visit 
a plot of ground on the north side of the hut, apparently 
with the object of collecting humus.1 The tracks which they 
followed across the front of the hut (marked in little black 
lines) were five in number altogether. They nearly always 
traversed the same road. The tracks outside varied a 
little, especially about their periphery, according to the 
position of the cocoa-trees that were visited. Owing to the 
fact that they were blind and guided exclusively by smell, 
the Eutermes wandered a long distance away on several 
occasions, before finding the right track. For instance, they 
acquired the habit of climbing up four poles fastened 


1E. monoceros, which march in a line, leave behind them little black, 
elongated tracks (which are very distinct on a white road, for instance, or 
a distempered wall), and apparently serve to guide the army over its usual 
trail. As the intestines of these termites are filled with a black substance 
(see Bugnion, ‘Le termite noir de Ceylon,’ dx. Soc. ent. Fr., IQIO©), we may 
assume that the black marks were produced by a substance expelled from 
the rectum. 
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Fig. 4. Section of head of soldier, showing glandular ampulla x 50. 
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together in a bundle for a cooking pot to hang upon, and of 
passing down the other side instead of going straight along 
on the ground-level. 

It was generally about 6 o’clock in the evening, just at 
sunset, when the Eusermes sallied out. When the sky was 
dark the exodus was sometimes observed to take place at 
4-30 or 5 o'clock. At first the termites hesitated on their 
journey, and when they reached the base of the hut they 
would stray about from one side to the other for some time. 
As a rule two or three hours passed before the soldiers sent 
out as scouts discovered a tree likely to yield a good crop, 
and led the greater part of the troop after them. In every 
marching army a number of additional individuals (workers 
and soldiers) could be observed returning to the nest, 
especially at the moment of starting. A very lively to-and- 
fro movement thus provided an intelligence-service and 
established a connection between the marching army and 
the rest of the colony. Indication of the success or failure 
of the expedition is apparently given by the touch of the 
antenne, and the alarm-signal, as several authors have 
noticed, is a trembling of the whole body (Zitterschlage). 

The return, which generally began at dawn and lasted on 
an average for 4-5 hours, was completed as a rule about 
7 o'clock. In a few cases (when termites had found a new 
cocoa-tree to exploit) the return journey began later and 
was prolonged to the exceptionally late hour of eleven or 
twelve. The heat of the sun on the front of the hut, facing 
east, then troubled the termites and made them walk more 
quickly. 

Our photographs, one taken by flash-light (the army 
setting out) the other by daylight (army returning), show 
the guard of soldiers drawn up in two rows, with the long 
file of workers between them. The soldiers, which stand 
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motionless to left and right, with their heads all turned in 
an outward direction in view of possible ant-attacks, are 
especially numerous at the moment when the termites set 
out. 

The number of the out-going army, counted from en- 
larged photographs (flashlight) are estimated at 232-623 to 
a distance of 32 centimetres, or 806-1917 to a metre. If 
we take 1,000 per metre as an average figure, the total for 
the whole termite army, marching for five hours at the rate 
of one metre per minute, is 300,000. The soldiers on 
guard, counted from one of the photographs, amounted to 
80 on the left and 51 on the right, for a distance of 55 
centimetres, which gives 146 and 92 to a metre, or 238 
altogether. One day when the returning army was harassed 
by ants (Pheidologeton) I counted along the basement of the 
hut, over a distance of 34 metres, a row of 281 soldiers, 
facing the enemy and covering the retreat of the lichen- 
laden workers, which walked on the side of the wall, 
sheltered from the aggressors. 

In short, the above observations go to prove that the 
chief aim of the nocturnal expeditions of E. monoceros is the 
gathering of lichens. I have always noticed that under 
certain circumstances E. monoceros also gathers leaf-débris. 
It may also be mentioned that numerous groups of termites 
love to linger on the black earth, from which they seem to be 
extracting some substance. Possibly the contents of the 
intestines owe their distinctive black colour to some matter 
drawn from the humus. In conclusion, I can state that 
E. monoceros, unlike E. matangensis and lacustris, which both 
attack wood, is absolutely harmless. The two enormous 
colonies which inhabited my laboratory for 79 days deserved 
no reproach in this respect. 


Some of the cocoa-trees exploited by my Eutermes bore 
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Cécophylla nests in their fronds. As the ants continued 
coming and going along the trunk both day and night, the 
arrival of the termites was naturally the occasion of a death 
struggle. This enabled me to observe the tactics of the 
soldier and the réle of its ampulla much better than I had 
done in the previous years. 

The Ccophylla, despite its agility and its three times 
greater size, is put out of action in an instant. Moreover, 
the Eutermes, provided that their numbers are sufficient, 
and also that they are already on their guard and have had 
time to organize their defence, nearly always emerge vic- 
torious from these combats. The army hesitates at first, 
when the ants bar its way, and perhaps remains for several 
hours at the foot of the tree. The observer thinks at first 
that this means defeat. But if he watches the opening stages 
of the struggle one evening and returns at dawn the next day 
to the same cocoa-tree, he nearly always finds the termites 
grouped in large patches on the surface of the bark, calmly 
occupied in gathering lichens. 

Terrible as they seem, once these ants are overcome by 
the frontal squirts of the little soldiers, they are obliged to 
leave the field to the Eutermes for the time being. 

3 The Capritermes (soldiers) have mandibles of a peculiar 
shape, twisted like the horns of a goat in order to help them 
in leaping. When bent against the ground, these organs 
act like a spring and enable the termite to project its body 
into the air. The insect comes back to the ground 20-30 
centimetres away, and manages to escape from its enemies 
by jumping from side to side. I am unable to state, however 
(as my observations are still incomplete) whether the curious 
catapult used by Capritermes 1s specially intended to save it 
from the ants. 

4 Other facts of interest concern the genera Copsotermes 
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and Arrhinotermes. Coptotermes Silvestri (latex-termite) has 
one great peculiarity: the soldier (C. ceylonicus Holm), 
which is closely connected with C. travians Hav. of Malacca, 
44 millimetres long, is distinguished from the worker by its 
sickle-shaped mandibles and its milk-white abdomen. 
When molested it emits a little drop like india-rubber 
latex which suddenly appears above the labrum and remains 
for some time before it rolls down. Examination under a 
microscope makes it plain that this liquid trickles through 
a round opening (frontal pore) situated behind the epistoma. 
The gland which produces this secretion is not limited to 
the head, like that of Euzermes, but also occupies a large part 
of the thorax and abdomen (see the section drawn in 
Plate X X11). 

This latex is an effective means of defence against ants; 
it sticks their mandibles and antenne together and renders 
them harmless. But, curiously enough, the termite itself 
often appears to be encumbered by its latex. Nature would 
seem to have given these insects a defensive weapon which 
paralyses themselves; though if a few soldiers out of the 
enormous population of the termitary are put out of action, 
they can be quickly replaced. 

During an excursion which I made in the company of 
Prof. Escherich, on February 3rd, I observed a Copsotermes 
ceylonicus nest at Ambalangoda in the trunk of a tree (da- 
cardium occidentale). ‘Nhen the tree, which was hollow 
inside, had been cleft with a hatchet, we saw that the nest 
occupied the cavity of the trunk to a height of about 70 
centimetres, and extended below among the roots and the 
soil. Above the cavity, in addition to the ligneous layers 
which surrounded it in concentric formation, there was a 
compact mass, dark-brown in colour, formed of aggluti- 
nated dung, and, farther inside, a system of brown, friable 
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Fig. 1. Winged sexual form Fig. 2. Head of soldier showing 
x 8b. frontal pore x 24. 


Fig. 3. Longitudinal section of soldier x 26. 


1 Latex pouch. 2 Frontal pore. 3 Labrum. 4 Basilary plate. 
5 Sub-oesophageal ganglion. 6 Oesophagus. 7, 8,9 Thoracic ganglia. 
10 Stomach. 11 Posterior intestine full of Trichonymphides. 


(Drawing by N. Popoff.) 


Coptotermes ceylonicus. 
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flakes made of wood-carton. The réle of the compact mass 
is certainly to keep the upper part of the cavity hermetically 
sealed and so prevent ants from entering. 

Hundreds of workers could be seen everywhere; also 
soldiers ready to bite, and mostly showing their drop of 
latex at the frontal pore. Deep within, we also found a 
large number of white, newly-hatched larve, walking 
slowly among the roots. In the hope of finding the queen, 
we began to prick eagerly at the foot of the tree, but without 
success. The honoured matron remained absolutely in- 
accessible on this occasion. 

Arrhinotermes, which is akin to the above genus, also has 
a frontal pore and a glandular pouch extending behind to 
the end of the abdomen. One species of this genus (4. 
flavus Bug.) was discovered on January 2nd, 1910, on the 
borders of Lake Ambalangoda, under the bark of a dead 
tree. Other nests containing imagines were found, in the 
following years, on the borders of the same lake, in the 
hollow stems of Pandanus ceylonicus (a large aquatic plant 
of the order Bromeliacez), or under the bark of the man- 
grove (Rhizophora mucronata). ‘These constructions were 
completed and protected by dark-brown carton. The soldier 
is 6 millimetres long, flat and elongated in shape, 
wears a yellow uniform, and emits a transparent, lemon- 
coloured liquid when alarmed. The larve here found came 
out of the egg with two little membranous wings, which 
were unusual in being attached to the pronotum. The 
lemon-coloured liquid which escapes from the frontal pore 
is a defensive measure, like the latex of Copsotermes, specially 
adapted to warfare with the ants. 

5 Calotermes (xadov, wood) differs from the higher 
termites in having no clearly marked worker caste. The 
larve, which form the largesc proportion of the colony, 
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fulfil the function of the workers in carving wood, and 
perhaps in feeding the young. They are apparently capable 
of turning into nymphs, some of which produce males, 
others females. A certain number of these larve may, 
however, remain in the neuter (asexual) state, and represent 
a half-formed worker caste. The soldiers, relatively few in 
number, are distinguished by their larger size, their big 
yellowish-brown heads, their strong mandibles with multi- 
farious teeth, and the presence of two little facet eyes, with 
no pigment, but clearly recognizable under the microscope. 
The egg-laying females, being scarcely larger than the 
nymphs, supply only a small number of eggs, but to com- 
pensate for this there are several of them in each colony. 

Most authors agree in regarding Ca/otermes as a lower 
and primitive termite group. The structure of the soldiers, 
however, indicates a special differentiation, already highly 
advanced in this caste. Like the xylophagous beetles, 
Calotermes carves narrow galleries in dead wood, and even in 
living wood, and is usually confined for life to the interior. 
Larger cavities, usually hollowed out of the hardest nodes, 
are specially reserved for the hatching of eggs and the 
rearing of young larve. 

These termites have little skill as masons and are equally 
incapable of making carton, but they have special defence 
measures of their own, chiefly intended to preserve them 
from ants. These measures are of two kinds. The first 
consists in padding the outer part of the gallery with lumps 
of mud mixed with sawdust. The second—a hastier ex- 
pedient—is merely the posting of a soldier at the entrance 
of the gallery, with its large head and strong mandibles 
turned, of course, towards the exterior. The head-formation 
characteristic of certain species (soldiers) seems to be 
specially adapted for this purpose. By way of illustration I 
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Bie t= soldier >< 13; 


Fig. 2. Larva, 44 mm. x 15. 


Fig. 4. Larva, 14 mm. with thoracic expansions x 21. 


Calotermes dilatatus. 


| 
| 
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may mention the forehead of Calotermes diltaatus Bug., which 
has an abrupt slope (See Plate XXIII), reminiscent of the 
conformation of certain Bostrichus.2 

My studies have been mainly concerned with Calotermes 
Greeni Desneux. Among others, an observation which I 
made on January 23rd, 1910, is worthy of mention. I had 
come that day to the shore of an island in Lake Ambalan- 
goda, which was almost deserted and seemed a very promis- 
ing hunting-ground; and there I happened to catch sight of 
an Anacardium occidentale (a tree bearing edible cashew nuts, 
originally from Brazil), with a fairly large, half-dried 
branch, which appeared to be infested with termites. 
Having sawn off this branch, about 2 metres above the 
ground, I saw that it contained galleries stuffed with lumps 
of brown dung and sawdust, and found within it a number 
of Cal. Greeni larve. 

These larve (in this particular case 4-64 millimetres 
long), characterized by their slow movements and plump 
bodies, have yellowish-white (sulphur-coloured) front parts 
and reddish-brown abdomens streaked with pulp (formed 
essentially of Trichonymphids) which accumulates in the 
highly dilated cecum. The white spots are due to the oil 
bodies which are scattered about in various places above 
the intestines. The soldier (I saw only one on this occasion) 


is noticeable by reason of its large size (10-114 millimetres), 


1]n this connection we may recall that the male of these insects, Hy/esinus, 
Scolytus, take care to keep on guard at the entrance to their gallery, which is 
barred by their almost vertical forehead, whilst the egg-laying female is busy 
within. In Calotermes this réle of guardian has devolved on the soldiers. 

Certain ants of the sub-genus Co/obopsis also have vertically truncated heads, 
in the soldier and the female, while the male and the worker have heads of 
the ordinary shape. The soldiers, acting as janitors, hermetically close the 
door of the nest; the queen-mother does the same. These nests are hollowed 
out in bamboos and galls, or in dry or broken branches. See Part V, Chapter 


V [Forel]. 
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its big, yellowish-brown head, and its powerful, multi- 
dentate mandibles. 

On February 7th, a second branch, several metres long, 
containing a populous C. Greeni colony, was removed from 
the same tree, and after being divided into several frag- 
ments was placed on board and taken to the bungalow. 
But a disappointment awaited me. I was imprudent enough 
to lay down the fragments of wood with their termites on a 
lawn and go away to lunch. I came back in half an hour 
and cut open the pieces with a hatchet, only to find my 
precious larve mangled and my handsome soldiers beheaded. 
Reduced to the condition of live heads, these soldiers were 
still trying to bite with their great mandibles, but they 
were totally bereft of bodies. Countless little ants 
(Pheidologeton diversus), hidden in the turf, had profited by 
my absence to penetrate into the galleries and devour their 
inhabitants. 

These details, which I report for the benefit of naturalists 
exploring in tropical countries, show the dangers to which 
the termites are exposed when some clumsy interference 
suddenly lays open the galleries which they usually keep 
hermetically sealed. Assailed from behind and unable tc 
turn round in their over-narrow passages, the hapless 
soldiers had been incapable of defending themselves. 

Among the ants which attack termites most fiercely we 
have still to mention those described by Maxwell Lefroy ir 
his Indian Insect Life, 1909, p. 226 and 228; Lobopeltc 
diminuta Sm. (Ponerine), Monomorium Salomonis Lin., anc 
Solenopsis geminata Fabr. (Myrmicine). According tec 
Rothney, the last two species (which have stings like 
Pheidologeton and the Myrmicines in general) are utilizec 
by the natives of Madras to destroy termites in the goods. 
warehouses. An excellent work, Les Termites, recently 
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Fig. 2. Head and thorax of Fig.3. Larva, 3 mm. long 
soldier x 14. * 20; 


Calotermes Greent. 
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» published by E. Hegh, an engineer attached to the Colonial 
Ministry at Brussels, contains some interesting details as to 
’ wars between ants and termites observed in tropical Africa. 

The bitterest enemies of the termites belong chiefly to 
two sub-families of ants, the Ponerine and Doryline. 

Megaponera fatens, a brown ant about 1 centimetre long, 
makes veritable raids upon the termites, which have been 
described by the various authors, notably by H. Prell in 
Usambara (German East Africa). He tells us that when a 
piece of land containing termitaries is discovered by ants, 
the invading army splits up and pours into the holes or 
cracks leading to the galleries they wish to invade. Each 
ant brings one or two termites up to the surface and then 
returns to the galleries to draw forth more victims. The raid 
continues until every ant has taken half a dozen prisoners, 
which struggle feebly on the ground in a mutilated con- 
dition; after which each marauder picks up three or four 
termites—an easy burden for her—falls into her rank again 
and returns with the column to the nest. 

In a case observed in 1910 a Megaponera fetens army 
was coming back through the forest after plundering a nest 
of Termes bellicosus (a large African termite, notorious for its 
bite). Every ant bore in her mandibles a few slain enemies, 
either three or four workers, or two large soldiers, each 
weighing more than twice as much as their bearer. The 
army spread over a space about Io centimetres wide by 
14 millimetres long, and stridulated perpetually as it 
marched. 

Carpenter, who studied the same ants in the south-west 
of Lake Victoria, says that their columns, 50-500 strong, 
never carry any other prey than termites. According to 
Ghesquiére, who has studied Megaponera in the Belgian 
Congo, the combat within the galleries lasts but a very 

CC2 


382 THE SOCIAL WORLD OF THE-ANTS 


short time. On their return, more than 80 per cent. of the 
ants carry prey, termite soldiers, workers, and nymphs; the 
number of wounded ants which drag painfully along in the 
rear of the column may be estimated at 4 or § per cent. of 
the whole. 

Arnold gives a list of other Ponerine ants which prey 
upon termites and are consequently very useful: Pa/ltothyreus 
tarsatus (Fabricius), Euponera sennaarensis (Mayr), and 
Leptothorax Schwabi (Forel). The Doryline family also 
include carnivorous ants, excessively predatory and com- 
monly known as visiting or nomad ants (the English Driver 
or Devil ants). In the Congo they form huge armies and 
devour all animal substances lying in their path, including 
quantities of termites. 

In New Orleans (Louisiana), [ridomyrmex humilis (Mayr), 
the Argentine ant, is a great enemy of the termites, more 
especially at the moment of swarming. Iridomyrmex san- 
guineus (Forel) behaves similarly in North Australia. This 
species penetrates the termite nest by carving holes in their 
walls, and wages such bitter warfare with the termites of 
South Queensland that 80 per cent. of the nests of Drepano- 
termes Silvestrii and Hamitermes perplexus, according te 
G. H. Hill’s estimate, are gradually invaded and afterward: 
permanently occupied by these Jridomyrmex. 


Tue Genesis oF INSTINCTS 


The war between ants and termites is of paramoun 
interest in connection with the genesis of instincts. In fact 
it is to this war, this ceaseless struggle, that the instincts o 
these insects may be directly related, more especially thi 
instincts of the termites, which, being less well armed, hav 


been obliged to apply more ingenuity to the task of defend 
ing themselves, 
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If it be true that the origin of instincts was lighted by a 
ray of intelligence, a reasoned and conscious form of action, 
and that these reasoned actions, many times repeated, 
become more or less automatic habits; if we assume, more- 
over, that every action useful for the conservation of the 
species tends to leave a durable impression on the brain, 
and accordingly to become hereditary, the genesis of 
instinctive activity unfolds itself clearly and convincingly 
before our minds. 

In opposition to Weismann, who refused to admit the 
transmission of acquired characters (psychical or physical), 
but in agreement with Semon, Claparéde, Piéron, Hachet- 
Souplet, Forel, and, in a general way, with most modern 
psychologists, I unhesitatingly maintain that the hereditary 
transmission of newly-acquired instincts is a proven and 
henceforth incontrovertible fact. 

If it were not so, how could we conceive the origin of 
instincts and the improvements they have undergone in the 
course of the ages? Nature goes her way and fulfils her 
evolution without troubling about our human theories. The 
over-narrow frame in which Weismann tried to enclose her 
has broken down of its own accord in the presence of real 
facts. 

The study of termites is very instructive in this respect. 
Among the present-day termites are some very primitive 
types (Mastotermes, Termopsis, Hodotermes, Calotermes), side 


1Human reason and animal instinct have long been regarded as having 
nothing in common. But all psychological naturalists recognize to-day with 
Darwin, Perrier, Romanes, Bouvier, etc., that we must of necessity assume 
intelligent processes at the beginnings of instincts, which are only ‘hereditary 
habits.’ 2 kind of automatic reason, examples of which are not lacking even in 
man. (This remark is taken from Boule, Les ommes fossiles, p. 297. E.T., 
1922, Fossil Man). Prof. A. Forel, in Gehirn und Seele, 1894, also put 


_ forward the same view. 
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by side with more recent and highly-perfected forms, and 
hence we have only to observe the habits and customs of 
each species in order to follow step by step the evolution of 
instincts and their ever-increasing complexity. 

In the following account we have to distinguish between 
three categories of instincts: 

A Instincts connected with idinces. measures borrowed 
from Nature; 

B Instincts connected with anatomical structure, or, in 
other words, the defensive organs of our insects; 

C Instincts resulting from mental dispositions which, 
being of use in the conservation of the species, have become 
automatic. 


Evo.tution oF Instincts CONNECTED WITH DEFEN- 
sivE Measures BoRROWED FROM NATURE 


Let us continue the study which we began above, pro- 
ceeding this time in the opposite direction. Starting from 
the bottom of the ladder (Termopsis, Calotermes) we shall 
gradually ascend to the higher genera (Eutermes, Termes), 
characterized by instincts of a more complex and highly- 
perfected character. 

Let us imagine that a primitive termite has installed its 
gallery in a tree trunk, and finds itself constantly menaced 
by very aggressive ants, which try to penetrate to the 
interior with the design of carrying off larve. Obeying a 
perfectly natural impulse, it will face the enemy at the 
entrance to its burrow, with threatening mandibles, ready 
to bite. The termites entrusted with the defence are nc 
doubt already the strongest and most courageous; when 
gradually differentiated and armed with more highly- 
developed mandibles, they will soon form a soldier-caste. 

But this réle of sentinel is in the long run irksome and 
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very painful, leaving the termite no respite. And we may 
- easily conceive our insect, as it becomes more and more 
obsessed by the ant which is its torment, inventing for 
itself a means of protection. A very simple plan lies directly 
open to it. It consists in this, that instead of throwing 
sawdust outside, the termite whose duty it is to mount 
guard will henceforth allow the wood-débris to accumulate. 
This sawdust, when carefully heaped up and compressed, 
forms a compact cork which closes the gallery and prevents 
any intruders from entering. 

Protected against their enemies by these sawdust corks 
(sometimes by pellets formed of sawdust mixed with dung), 
the termites which have reached this stage may now, without 
fear of being devoured, broaden their galleries in the deepest 
parts, and there lay their eggs and rear their young larve 
in perfect safety. 

Here we behold the genesis of an instinct. A very simple 
intelligent action, the heaping of sawdust, sufiiced to make 
this means of protection become henceforth habitual. 
Being of use in the conservation of the species, the heaping 
of sawdust has gradually become a habit by the action of 
natural selection, and after some time this habit gives rise 
to an automatic activity, that is, a new instinct, transmitted 
from one generation to another by the laws of heredity. 

This, surely, is the phase of instinctive life reached by 
Calotermes at the present time, the termite which installs its 
galleries inside solid wood. 

Satisfied, apparently, by the conditions of life in which it 
finds itself, the present-day Calotermes does not for the 
moment seek to perfect its habits. This, in the eyes of 
biologists, is a primitive termite, which, apart from the 
differentiation of a soldier-caste with strong mandibles, has 
undergone very little modification up to the present day. 
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Let us take one step farther forward. It is easy to imagine 
a wood-carving termite which, having broadened its gallery 
in view of the multiplication of its family, and having 
accumulated sawdust, as a protective measure, in the outer 
part, observes that this sawdust is falling away and racks its 
little brain for a means of avoiding this accident. It is only 
a puny insect, but, taught by experience, it has a few con- 
scious ideas, a few intuitions which cause it to reflect. 

According to our modern ideas, the presence of fixed 
instincts is in no way incompatible with a few gleams of 
intelligence, with certain reflective and conscious actions 
which unite with the instincts already formed and enable 
them to be further perfected. And so, since the wood- 
chewing termite has salivary glands, why should it not use 
the liquid with which they supply it? The way to do 
this is soon discovered. Bedewing the wood-fragments 
with saliva, our little labourer makes the mixture into 2a 
kind of paste which hardens as it dries; it can then use this 
paste to make walls, pillars and partitions. 

The wood-carton industry, which plays so large a part 
in the biology of Coptotermes, Arrhinotermes, and Eutermes. 
may possibly be explained in this manner. The substance 
known as wood-carton lends itself to all manner of modifica: 
tions. In this case, for instance, when the termites are 
installed in a hollow tree, the wood-paste is used for making 
a covering and building an operculum. The first essential i: 
that the cavities, apart from the little aperture protected by 
the soldiers, should be closed, so that the ants, in particular 
cannot enter. 


‘Dr. A. Imms observed a termite which, though belonging to a ver 
primitive genus, used a mixture of sawdust and saliva to stop up the crack 
in the wood. This creature is Archotermopsis Wroughtoni, a species whic 
carves its galleries in the dead trunks of conifers in the Himalayan regior 
(See PAil. Trans., Series B, Vol. 209, 1916, p. 126). 
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Under other circumstances the nest of carton-wood, 
flaky in structure and brown in colour, is exposed to the 
open air; hung on a bush or placed between two forked 
branches, Carton nests suspended from trees, built by 
Eutermes lacustris, have been observed in Ceylon by O. John 
(Plate XIX) and myself. They are oblong or oval in shape 
and surrounded by a solid covering, intended as a precaution 
against the attacks of the ants. The nests of this type, 
known as arboricolous, are especially common in Borneo, 
Madagascar and Australia. 

The greyish cordons (tunnels) constructed by certain 
Eutermes vertically along trees and sometimes along walls 
constitute a variation in the carton industry. The first 
character which differentiates these cordons is the admixture 
of grains of earth with wood-debris; a second special feature 
is the replacement of the saliva by a yellow liquid expelled 
from the rectum for the purpose of cementing the walls, 
which are consequently much more friable. 

The aim of Eusermes in constructing tunnels along the 
trunks is manifestly to permit the inhabitants of the nest to 
go in search of victuals! without being constantly molested 
by ants. Moreover, it is clear that, should part of the tunnel 
be destroyed (as in the experiment related above), the 
soldier-termites have no thought of resisting man (an 
enormous animal of which they can form no notion what- 
ever), but only of guarding themselves against ants; and for 
this purpose alone they establish a protective ring round 
the breach and keep their frontal horns thrust outward 
while the whole work of reconstruction is 1n progress. 

From the wood-carton ‘industry we pass naturally to the 


1The victuals, in this particular case, may be the sweet liquid which oozes 
from the terminal bud of the cocoa-tree, or perhaps the pollen which is to be 
found on the flowers. 
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art of constructing masonry with mortar made of earth and 
saliva—an art which is especially well developed among the 
higher termites (Termes) and intimately connected with 
their way of living. Here again, we can easily picture to 
ourselves how the masonry art, practised at first on a humble 
scale with a view to propping up walls or consolidating 
tunnels, has been gradually perfected in the course of ages. 

Certain Coptotermes observed in Australia are peculiar 
in that their dome-shaped nest comprises an internal part 
made of wood-carton and occupied by the termites, and an 
external covering formed of grains of earth glued together, 
which serves to protect the termite-mound as a whole. 
Confining themselves at first to plastering trees and con- 
structing tunnels, the ingenious labourers gradually learnt 
to build walls and cement chambers. After various attempts 
they discovered how to build these domes with that in- 
expugnable solidity which is a source of astonishment to 
travellers in tropical regions.1 

Last of all, in addition to the arts of building and of 
forming closed chambers, came the crowning achievement in 
the evolution of instincts—the astounding fungus-growing 
industry. Designed for feeding the young larve and the 
king and queen, and perhaps, to a certain extent, the winged 
individuals, the cultivation of mushrooms is apparently 
derived from the gathering of moulds which grow on 
rotten wood. As the new-born larve are too weak to carve 
wood and feed upon it, it is extremely probable tha 
learning to plant ‘gardens’ the primitive termites fed thei 


1The largest known termite-mounds (found in Africa) measure no less that 
6 metres in height by 3 or 4 in diameter at the base. If we remember that in 
order to build such edifices the worker-termites have brought thither, one b 
one, the little grains of earth which serve as rubble, and have bedewed ther 
one by one with their saliva, we shall realize the truly astounding nature ¢ 
such an achievement. 
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young with moulds and lichens. It is possible, moreover, 
that fortuitous circumstances may have caused the sowing 
of fungus-spores brought from the outer world. 

Imagine a termite (worker) busy carving wood in the 
forest, turning its attention to one of the agarics found on 
tree-stumps. Assume further that certain conidia, capable 
of germinating, mix with the wood-paste contained in its 
intestines. The result can be readily foreseen. Mycelium 
producing hyphe would develop on the heaps of refuse 
inside the termitary, and the termites would find in these 
hyphz a congenial food. After several experiences of this 
kind they would discover fungus-growing, and would 
learn to plant gardens. 

Whatever its origin may be, the cultivation of fungi is of 
prime importance to the colony. This alone enables the 
higher termites to maintain queens with enormous ovaries, 
capable of laying thousands of eggs a day, and this alone 
assures the successful rearing day after day of thousands of 
larve. 

To sum up the above observations in a few words, we 
may pass up the termite scale from the lowest to the highest 
and distinguish various degrees in the growth of their 
industries, and, consequently, in the evolution of their 
instincts: 

Ist degree. Heaping of wood-sawdust in the outer part 
of the galleries. More or less compact sausage-shaped 
pellets, formed of sawdust and dung, intended for stopping 
up the exit-holes (Calotermes, Termopsts); 

and degree. Agglutination of wood-débris by means of 
the saliva or the liquid contained in the rectum, in order to 
form tunnels, protective partitions and entirely closed nests. 
Wood-carton industry in general (Copsotermes, <Arrhino- 
termes, Eutermes); 
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3rd degree. Art of building with mortar formed of earth- 
grains and saliva. Gradual improvement of design, from 
simple incrustations of earth to the most perfect termite- 
mounds (Coptotermes, Termes); 

4th degree. Cultivation of fungi. Further and further 
perfection of the art among fungus-growing termites. 
(Termes). 

The various degrees observed in the utilization of natural 
elements (wood-débris, earth-grains, fungi) can be explained, 
as we see, by a small number of very simple rational and 
conscious acts, which proved to be useful for the conserva- 
tion of the species and were accordingly transformed 
gradually into habits and finally into hereditary instincts. 

It may also be laid down that the various instincts con- 
nected with the utilization of natural elements are all the 
result of adaptation to circumstances; in other words, theit 
basis is the incessant warfare between ants and termites. 
which caused the weaker insects to set up a vast protective 
system against the stronger. 

Represented at first by simple galleries closed at thei 
free end by sawdust stoppers, this protective system mus‘ 
have been perfected in the course of the ages,! and its fina 
triumph is the dome-shaped termitary, the ze plus ultra o 
termite industry. 


1N. Holmgren (Termitenstudien II, 1911, pp. 14-33), after comparin 
the wings of the present-day Australian Mastotermes with those of the Blattid: 
concludes from his study that the termites are related to the Protoblattoid: 
and probably derived from them. 

As the Protoblattoids died out during the Permian, the first termites mus 
have appeared during the Mesozoic Age. Admittedly, these ancestral type 
have not yet been found. The oldest termites known belong to the Uppe 
Eocene. But it isa peculiarly interesting fact that the termites of the Eocen 
are closely connected with g. Mastotermes. Kurt von Rosen has describe 
under the name of Mast. bournemouthensis a termite of the Bartoman (uppe 
Eocene) of Bournemouth, which, though quite distinct, yet resembles Mas 
darwinensis (the present-day species) in many respects. 
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Instincts In CoNNECTION WITH THE ANATOMICAL 
STRUCTURE AND THE EvoLuTion oF DEFENSIVE ORGANS 


Though it is relatively easy to observe the gradual 
improvement of protective measures borrowed from the 
external world, the evolution of defensive organs is, on the 
contrary, somewhat difficult to explain. We will neverthe- 
less attempt to establish a few landmarks. 

In the first place I append a list of organs, which cannot 
claim to be complete, but which does at least include those 
which I have had occasion to see at work. 

1 The shape and power of the mandibles, peculiar to the 
soldiers; 

2 ‘The size of the head observed in the soldier, its more 
strongly chitinous character, the welding of its ventral 


Other fossil termites discovered in the middle Oligocene of the Isle of 
Wight also belong to g. Mastotermes, and constitute two species (M. anglicus 
and Batheri) described by von Rosen. A fourth Mastotermes (croaticus yon 
Rosen) has been recognized by Holmgren and von Rosen among the fossils 
of the Lower Miocene of Radoboj in Croatia. The genus Termopsis Heer, is 
also an ancient form found in the fossil state in the Tertiary, represented at 
the present day by four species: 7. Wroughtoni Desn. of Kashmir, T. angusti- 
collis Hagen of the mountains of California, T. Sjéstedti of Tonkin, T. 
japonicus of Japan. One species Archotermopsis Tornguisti von Rosen has been 
found in the Baltic amber. 

The ants are perhaps not quite so old as the termites. But it has been 
proved that several existing genera (Formica, Polyergus, Ponera, Myrmica) 
date back to the Miocene (Middle Tertiary). As the duration of the Tertiary 
period has been estimated by competent geologists at 1,500,000-2,500,000 
years, that of the Quaternary at 12,500 years up to the present day, it is clear 
that the two groups of insects with which we are concerned (ants and termites) 
have had a very long time in which to adapt themselves to each other. See 
O. Heer, Die Insektenfauna der Tertiargebilde von Oeningen und Rudoboj, 
Leipzig, 1849, Il, pp. 22 and 101; Die Urwelt der Schweiz, Zurich, 1865, 
p. 387; Handlirsch, Die fossilen Insekten und die Phylogenie der rezenten 
Formen, Leipzig, 1908; Kurt von Rosen, Die fossilen Termiten (Transact. 
and Entom. Congress, 1912, p. 318); Edm. Perrier, Te Earth before History, 
London, 1924; Boule, Les hommes fossiles, Paris, 1921, p. 30 (E.T. Fossil 
Man, 1922). 
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wall (basilary), and, in a general way, the solidarity of 
its capsule; 

3 The power of emitting a rattling noise (alarm-signal) 
by striking the ventral wall of the head against wood, dry 
leaves, etc., in connection with the solidity of the cranial 
capsule (soldiers of Hodotermes and certain Termes); 

4 The capacity of producing convulsive tremors (German 
Zitterschlage) which also serve as alarm-signals, in con- 
nection with a special adaptation of the nervous system 
(soldiers of Archotermopsis, according to Imms, and of 
various Eusermes) ; 

5 The presence in certain types (soldiers of g. Eutermes) 
of a frontal horn and a cephalic gland secreting a viscous 
liquid designed to adhere to the ant’s limbs, 

6 The presence of a frontal pore and a latex gland playing 
practically the same réle (soldiers of the genera Copsotermes 
and Arrhinotermes) ; 

7 Mandibles developed for the purpose of leaping 
(soldiers of g. Capritermes); 

8 The enormous fertility of the queens (e.g., Termes); 

g In a general way, the differentiation of castes and the 
resulting division of labour. 

I shall shortly say something about the differentiation of 
workers and soldiers. Before going further, however, | 
should like to enumerate the instincts which form my thirc 
category, according to the classification adopted. It will be 
best to mention one after the other the special instinct: 
peculiar to the termites, and to deal last of all with th 
differentiation of castes and the evolution of instincts it 
general. 


1With insects in general, the size of the head is in direct relation to th 
development of the masticatory muscles; hence it is easy to understan 
why the cranial capsule of the soldier usually presents much greater dimension: 
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Instincts REesuLTING FRomM Menta DisposiTIons WHICH 
HAVE Proved UsEFUL FOR THE CONSERVATION OF THE 
SPECIES AND HAVE GRADUALLY Become AUTOMATIC. 


1 The tenacity of the soldier in its defensive actions, 
individual and collective. 

2 The scout-duties carried out by the soldiers, the 
organization of expeditions of discovery (Hodotermes, Eu- 
termes monoceros, Termes convulsionarius of India and Ceylon, 
Termes Lilljeborgi of tropical Africa); 

3 The unwearying activity of the worker in carving 
wood, gathering lichens, stumps of stubble, etc., for the 
building of fungus-gardens and for works of construction 
or eventual reconstruction; 

4 The organization and protection of the swarm by 
soldiers and workers entrusted with this task; 

5 In the sexual forms: the swarm, nuptial promenade, 
mating and foundation of new nests; 

6 The protection of the royal couple (the incarceration 
obsetved in the higher termites); the feeding of the queen 
and king with fungi and saliva (by the workers and soldier- 
nurses) ; 

7 The maternal care (licking, transport to the fungus- 
gardens) bestowed by the sexless forms upon the eggs, 

8 The care bestowed upon the larve and nymphs, their 
removal to shelter in case of alarm (comparable to the rescue 
of the larve and cocoons observed in ants). 


DIFFERENTIATION OF WORKERS AND SOLDIERS. 


In the conformation of the head, and more particularly 
in the structure of the mouth-pieces, the worker termite 
resembles the sexual forms, but, judging by all that we can 
see, it has been differentiated from the primitive winged 
type by a series of very gradual modifications. The atrophy 
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of the genital glands, the disappearance ot the evyes,siae 
arrested development of the wings (in connection with the 
suppression of the last moult) are sufficient to account for 
the passage from.one form to the other. 

The principal purpose of the differentiation of castes being 
division of labour, it is easy to understand why the non-dome- 
constructing termites, which dig galleries in tree trunks 
(Archotermopsis, Calotermes) have not, up to the present 
day, reached the stage of differentiating their workers. 

The origin of the soldier raises more thorny and more 
complex questions. If the only points at issue were a 
modification of the mandibles, a lengthening of the head, 
the welding of the basilary plate and a more pronounced 
chitinization of the cephalic capsule, the problem before us 
would still be fairly simple. The process would consist, in 
brief, of gradual modifications comparable to those which 
gave rise to the workers. But we are confronted by some- 
thing quite different. The soldier, in all the genera which 
possess it, really constitutes a type apart, without any 
known intermediary. How, for example, must we interpret 
the presence of the frontal horn in Eusermes, when there is 
no intermediate ancestral type? And who can explain the 
origin of the latex gland in Coptotermes or Arrhinotermes? 
How are we to conceive that capricious differentiation by 
virtue of which the soldier’s head becomes very hard, arms 
itself with powerful mandibles, and, in a word, acquires the 
highly specialized structure which is its characteristic, 
whereas the posterior part of the body, which remains very 
vulnerable, exposes our insect to the worst dangers? Ought 
we to suppose that the differentiation of the soldier took 
place at an epoch (the Calorermes stage) when the termite 
stood on watch at the entrance to its gallery, and had 
scarcely any occasion to expose its abdomen uncovered? 


APPENDIX 395 


An explanation of this kind is adequate for the crustacean 
hermit-crab and certain insect-larve whose bodies are 
protected by sheaths, but it seems a little hazardous when 
applied to the termites. We have here, in the history of the - 
evolution of the soldier, a perplexing unknown quantity — 
an unexplained hiatus. 


The well-known aphorism ‘the function makes the organ’ 
accounts for certain variations, and is incontestably ap- 
plicable to modifications of already-existing parts (the per- 
fecting of the mandibles, for instance), but that does not 
mean that the function, however desirable, suffices to 
create a new organ with all its parts. 


The first origins of things nearly always elude us. 


To take the case of the mole-cricket (Grylotalpa)—does 
the insect dig in the ground because it has feet suitable for 
burrowing, or has it acquired such feet because it digs? 
Since the mole-cricket as we see it is perfectly adapted to its 
mode of life, the most plausible reply is that the habit of 
digging in the earth and the corresponding organ developed 
at the same time (in a parallel fashion). 


The same process of reasoning is applicable to insects in 
general, as soon as their evolution is finished and they are 
completely adapted to their environment. As for termites, 
we have the right to conclude that morphological variations 
go hand in hand with variations in instinct and their im- 
provement. 

The evolution of instincts derived from mental disposi- 
tions (our third category) will not detain us so long, for the 
action of natural selection “is here easier to understand and 
less troublesome to explain. It is certainly obvious that a 
colony of termites which has at its disposal brave soldiers 
and highly active workers will sooner or later prevail over a 
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neighbouring colony which 1s incapable of mustering 
defenders and workers of the same quality. 

A termite-colony whose inhabitants set out to lavish the 
most attentive care upon the young larvae will similarly 
prevail over a neighbouring colony which leaves its un- 
fortunate new-born offspring to disentangle themselves 
unaided. This is surely an admirable use of natural selection, 
since, in the cases cited as examples, it is not brute force but 
the noblest instinct—devotion to the common good— 
which has finally triumphed in the termite colony. 

Just as it is interesting to discover the first gleams of 
intelligence in the lower animals, and to mount by degrees 
to the mind of men by way of the elephant, the dog and the 
anthropoid ape, so is it extremely suggestive to observe the 
dawn of a moral sense in animals. It is assuredly a moral 
action when the female orang-outang or gorilla, driven tc 
bay by the hunter, covers her little one with her body in 
the hope of saving it. And when the soldier-termite, 
during an attack, allows itself to be killed at the breach, it 
too achieves an action of incipient morality; and so does the 
female ant enclosed in a box and left entirely alone to fast 
for several consecutive months, when she consumes her owr 
substance (fat-body, thoracic muscles) to nourish het 
young larve. 

In cases of this kind, it is true, the alleged moral sens¢ 
may be considered as instinctive, and this diminishes, to < 
certain extent, its value and beauty. The particular forn 
taken by the psychic life in the insect enables us, however, t 
explain this phenomenon. 

Directly reasoned action on the part of the hexapod tend 
to be transformed into a habit, we may well assume tha 
spontaneous impulses of an altruistic character, from th 
fact that they are useful to the community as a whole, wil 
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likewise, thanks to natural selection, become automatic or 
instinctive. The first soldier-termite which ever allowed 
itself to be killed in battle set an example which was general- 
ized by imitation among its kind, and which gradually 
became habitual. 

Even in man, the type of man who has been shaped by a 
firm and effective education, we see some of the noblest 
virtues, such as a hatred of lies, devotion, generosity and 
courage, so deeply rooted in his character that they never 
fail, and become automatic. And no one would dare to 
affirm that because the moral qualities in question have 
become automatic in the individual who possesses them, 
they have therefore lost part of their value! 

As for the suggestion that some mental and moral bond 
unites the inhabitants of a termitary—it 1s scarcely possible 
to compare a colony of insects with a human society. 
Human groups, even in their primitive state, are commanded 
by chieftains. The more advanced nations place kings, 
queens and magistrates at their head. Nothing of this kind 
happens among the termites. The male and female in- 
dividuals which are described in the higher termites as 
king and queen have no authority and possess no power of 
any kind. The king and the queen termite, shut in their 
closed cell, do not even know what is happening outside. 
It would be impossible for them to give orders from the 
depth of their prison. The to-and-fro motion of soldiers 
and workers in the narrow passages leading to the royal com- 
partment has no other purpose than the revictualling of the 
wedded pair. The functions of the queen and the king termite 
are limited to the production of eggs and their fertilization. 

Nor is it possible, in the soldier and worker castes, to 
distinguish any individuals which are specially differentiated 
and which seem superior to the others, comparable to human 

DD2 
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officers. But this is not all. Whereas human societies 
present an extraordinary diversity, manifesting between the 
bottom and the top of their ladder all stages of intelligence, 
will and moral value (and also, unfortunately, of coarseness 
and stupidity), termite societies, on the contrary, present 
the most complete uniformity. In every caste there 1s 
perfect equality, universal. levelling, that dream of com- 
munists throughout the ages. 

But if there are no officers, no superiors to command, 
how can we explain work in common, continued effort 
exerted on behalf of the general good? What is the motive 
force of this understanding which is never, under any 
circumstances, found to be at fault? In the experiment 
related above (removal of part of the wall) how are we to 
explain the agreement which immediately took place 
between soldiers and workers, urging the one caste to 
repulse the ants and the other to repair the breach? 

We must assume, apparently, that the common activities 
observed in termites are all the result of unconscious im- 
pulses, or, in other words, instinctive automatisms. Every 
soldier-termite—and every worker must bring into the 
world, when it is born, certain psychic dispositions resulting 
from a long process of adaptation. Attached to the brair 
cells and engraven upon the nervous substance like a kind 
of memory, these dispositions, which bear the name ot 
instincts, must be transmitted from one generation to the 
other according to the laws of heredity, in the usual fashior 
of vital dynamisms. Retaining the definitions proposed by 
Semon, we call these the engrams of the individual mneme 
including also their ecphories or external manifestations.) _ 


*Richard Semon, Die Mneme als erhaltendes Prinzip im Wechsel de 
organischen Geschehens, Leipzig, 1904 (E.T. Mneme, 1922); Die mnemische. 
Empfindungen, 1909. (E.T. Muemic Psychology, 1923). 
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In intimate relationship with the gradual perfecting of 
defence-measures, all instincts must have been specialized 
at the same time in each caste, and transmitted generation 
by generation to the new-formed individuals. 

Against this theory there are admittedly some objections. 
The asexual termites (workers and soldiers) being generally 
sterile, it is difficult to understand how new instincts, 
acquired by individuals of these two castes in the course of 
the struggle for existence, could be transmitted to the 
sexual males and females—how, in short, they could 
become hereditary. 

Two hypotheses may be offered: 

I Seeing that ants have their antennal language,! we 
may suppose that the termites can also, under certain 
circumstances, communicate their impressions to one 
another. 

Highly instructive observations can be made with 
Eutermes monoceros, for example, when the army of this 
species sends out a squad of soldiers to scout, as a pre- 
liminary to the gathering of lichens. The majority of the 
troop, before setting out on the march and choosing its 
direction, waits for their return and the ‘confidences’ they 
have to bring back. 

As the workers and soldiers live in the interior of the 
apartments in the company of the sexual forms (until the 
moment of swarming) it is not entirely incredible, judging 


1With regard to antennal language, I have made a note on the russet brown 
ant of Ceylon (Ecophylla smaragdina) which | think deserves to be cited. 
When these ants (frequently found inside bungalows) are marching in line 
along the edge of the ceiling, there are always a few which walk in the opposite 
direction and tap with their antennz all those they meet on the way. Itis 
my belief that they ‘tell each other’ the way to go in order to find food. 
See also, on the subject of antennal language Forel, Te Socia/ Life of Ants, 
Part II, Chap. II, and Part III, Chap. II. 
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by the above suggestion, that while they are living together. 
they should exchange a few ideas. As a result of these 
‘communications’ new instincts acquired by the worker: 
and soldiers would become the property of the community 
as a whole. 

2 The second hypothesis, which in my opinion is mor¢ 
plausible, is based chiefly en the differentiation of worker: 
and soldiers in the course of the centuries. Given the fact 
that the asexual forms are manifestly derived from the 
sexual, we may quite reasonably assume that the worker: 
and soldiers in the first stage of differentiation were fertile 
capable of procreation. We still encounter workers anc 
soldiers which are able under certain circumstances te 
form ovules and sperms. 

Dr. Imms, for instance, has dissected soldiers of Archorer 
mopsis Wroughtoni, some of which had ovaries full of ovule: 
and others well-developed male genital organs. Thes 
soldiers would probably have been capable, in the absenc 
of the ordinary sexual forms, of reproducing their species 
Similar observations had previously been recorded b 
Lespés (1865) with Leucotermes lucifugus and by Frit: 
Miller (1873) and Grassi (1898) with various Caloterme 
species. In Termes Struchti, Silvestri observed forty femal 
workers and eight male workers whose genital apparatu 
was as highly developed as that of the winged individual: 
Heath (1902) saw three soldiers of Termopsis angusticoll 
(a Californian species) which had laid eggs.1 


Given these facts, we have only to conceive of the perio 


1These references are borrowed from the work by Dr. Imms alread 
quoted, “On the Structure and Biology of Archotermopsis” Space does n 
permit me to give an account of this author’s theory, according to whic 
the differentiation of castes, in termites in general, results from a series | 
mutations transmitted from one generation to the other in accordance wi 


Mendel’s law. 
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during which the defence-measures were perfected as 
coinciding with the period during which the workers and 
soldiers were fertile, in order to render more plausible the 
hereditary transmission of the improvements in question 
and of the instincts (neo-form) related to them. 

Furthermore, the instincts inherited from the parents 
would pass, with every new generation, through a kind of 
latent stage or sleep, corresponding to the larval phase, and 
only later (after the transformation), when the young termite 
reaches the stage of the functional soldier or functional 
worker, would they begin to exhibit outward manifestations. 

Thenceforward, since the dispositions attached to the 
soldier’s brain and the dispositions inherent in the worker’s 
brain would be absolutely identical for all members of the 
same caste, there would result, in each particular case, a 
succession of actions of never-failing similarity, which could 
be repeated with practically no variations. 

Thus in the case of the sinking of a tunnel (an experiment 
carried out with Eutermes of the cocoa-trees), the sudden 
irruption of light into the interior would have the result 
of bringing up to the breach all the soldiers contained in the 
tunnel, which would run thither from every corner in which 
they had been surprised by this irruption. Obeying an 
automatic impulse, these soldiers would arrange them- 
selves of their own accord around the right spot at the sur- 
face of the bark, in the defensive attitude peculiar to them. 

The irruption of luminous rays, acting to an equal 
extent upon the workers, would have the effect of exciting 
them also to fulfil their habitual functions, which consist, 
in the case in point, in bringing together particles of rubble, 
moistening them with the contents of the rectum, and 
mending the wall as soon as possible. 

These actions, which give us the impression of being 
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voluntary and thoughtful, by reason of their co-ordination 
and their perfect regulation, would thus really be automatic 
(instinctive). 

The multifarious duties which are carried out under our 
eyes by the soldiers on the one hand and the workers on 
the other, give us the illusion of a higher direction, whereas 
in reality this direction does not exist, or, if it does, resides 
solely in the community as a whole. 


CoNCLUSIONS 


From the above considerations I think I am justified in 
drawing the following conclusions :— 

1 The termite colonies, in their present form, are the 
result of an adaptation to the circumstances in which they 
have been obliged to develop; 

2 This adaptation to circumstances, continued for 
hundreds and thousands of years, has been largely domin- 
ated by the obstinate warfare which the ants force upon the 
termites ; 

3 The countless ingenious defence-measures employed 
by the termites are manifestly one of the consequences ot 
this war; 

4 The presence of a highly-differentiated soldier-caste 
specially organized for defence and attack, can also be 
explained as a particular form of adaptation to this warfare 

5 The origin of most of these instincts is a reasoned anc 
conscious action; 


1The alleged ‘higher direction’ which appears at first to command th 
colony, is not vested in a few privileged individuals, comparable to chieftains 
It would be more exact, if the term is to be kept, to regard the ‘higher direc 
tion’ of the colony as a resultant of the psychic energy of the whole com 
munity. It seems certain, however, that the soldier caste possesses a mora 
authority slightly greater than that with which the other groups (worker 
and sexual forms) are endowed. 
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6 If actions of this kind, many times repeated, are useful 
for the conservation of the species, they tend to merge 
gradually into habits; 


7 Once become habitual, they tend to take place 
of their own accord, to be transformed into reflexes, in 
short, to become automatic or instinctive; 


8 The instinctive impulses, indelibly engraven upon the 
brain, have gradually become hereditary; 


9 The alleged moral direction which appears at first 
sight to be commanding the colony does not belong to a few 
termites which can be compared with chieftains; it is the 
result of the activity of them all. It appears to be established 
however, that the soldier-caste possesses a slightly greater 
authority. 

10 The useful instincts, which are subject to the laws of 
natural selection, just as much as the evolution of the organs, 
will persist, whereas the useless or harmful instincts will 
inevitably disappear. 

While the life of the insect is dominated by instinctive 
activities which are usually unconscious, the life of man, 
apart from a few exceptional cases, is nearly always com- 
manded by his conscience and his reason. The characteristic 
of the higher type of man is precisely to dominate his 
instincts and to fight them if they are bad. 

Instinctive activity, as soon as it 1s fixed for any insect, 
varies very little; it is transmitted from one generation to 
another in practically the same form; hence the uniformity 
found in ants and termites with regard to the behaviour 
peculiar to individuals ofeach caste. But, in strong contrast 
with insect communities, human societies are distinguished 
from the bottom of the social ladder to the top, by the 
extraordinary diversity of the individuals composing it 
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and by a perfectibility which, despite the disappointments 
of the moment, justifies us in hoping for better times. 

Is it not man’s perfectibility which distinguishes him 
from the animal and is the raison d’étre of humanity? And is 
it not this undeniable perfectibility which remains proof 
against the worst trials, and enables human beings to create 
an ideal and to look for ever upwards? 


FINIS. 


INDEX 


Ants and termites are indexed under the lowest designation mentioned in 


the text, with cross-references from the genera downwards. 


Other insects are 


usually indexed by orders. For countries, see the continents. 
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17, 541 

ADLERZ (Gottfried), on Axergates, 
1. 539, 541-3; on Harpagoxenus, 
1. 441, il. 151-2 

Adoption of 9, 1. 427, 431-44. 

adulatrix (Wheeleriella), 1. 546 

@egyptiacus (Messor), i. 397; 
ae 

ELIAN, on harvesting ants, ii. 208, 211 

a@nea (Pachycondyla), i. 301 

Enictogeton, i. 140, il. 205 

LEnictus, 1. 60, 130, 139-40, 152, 
155, 157, il. 205-6; and Typh/atza, 
i. 139-40, li. 205 

Aecromyrma, i. 153, il. 113, 117, 306; 
A. nossindambo, ii. 116-17 

aethiops (Camponotus), 1. 5, 
394757 549-527 Ue 253 

afer (Strongylognathus), il. 155, 164 

affinis (Lasius), 1. 345 

affinis (Leptothorax), 1. 362 

afinis 1. Mayi (Odontomachus), i. 
108-9 


399» 


145; 


408 


Africa: wants, 1.5755 140, 91435. 149; 
T52=3,0158, 117.27) 20 5s OOse 47a, 
ii. 205-6, 303; animal enemies of 
ants, ii. 98; ant-balls, 1. 96; Dory- 
ling, 11.179 ff.; guests, 1. 296, 304; 
insects eaten by ants, 1. 259; 
lestobiosis, 11. I14-15, 1173; nests, 
i) 346, 9350-0, iat Ole 5s ean 
and plants, i. 254-5; ants and 
termites, il. 381; Abyssinia, 1. 461, 
ii. 100-1; Angola, 1. 161-2; Central, 
Rhodesia, i. 152, 548, il. 230, and 
see tropical; Congo, 1. 153, 173; 
264, 352, 462, 544, lM. 309, 
381-2; Niles Soudan, “1 91152; 
tropical, il. 94, 97, 192, 381, 393, 
and see above, Central, and below, 
Africa (East) 

East (Mozambique, Somaliland, 
Uganda): ants, i. 140, il. 186, 192; 
insects in copal, 1. 1733 nests, 
i; 258; ants and termites, 1.0381; 
see also Africa (tropical) 

—— North (Algeria, Tunis): ants, i. 
137, 396-400, 408, 417-18, 464, 
534, 545-6, i. 65, 84, 87, 105, 
155, 193-5, 207; guests, 1. 291-5, 
299, 304, 306; harvesters, 1. 220-1, 
223-4, 229-30; invasions, 1. 169; 
lestobiosis, 1. 114; nests, 1. 339-41, 
343, 365; ‘nurses,’ 1. 460; termites 
and ants, ll. 100; Tettigometra, 
i. 506-7; Sahara, 1. 149, 249, 333, 
400, ll. 98, 230-1 

South: ants, 1. 160, 461, 550, 
Ui. 1155) 104-53, COCCIGS; masa O2-9; 
guests, 1. 264,.°°362; harvesters, 
ii72235) urses, 61.0407; aniecand 
termites, ll. I15 

Age of ants, ii. 12, 45 

Agricultural ant, see molefaciens ( Pogo- 
nOMYTMEX) 

AITKEN, on harvesters, il. 224; weavers, 
ll. 277-8 

Alaopone, s.-g. of Dorylus, 1. 140, 155; 
A. orientalis, i. 195 
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albicans (Cataglyphis), 1. 399, 4828 
ily hy BRM 
alegrensis (Cremastogaster), li. 
116 
Alfari (Azteca), 1. 255 
Alfaria, i. 151, i. 63 
alieno-brunneus (Lasius), 1. 505 
alienus (Lasius), 1. 369, 394 
Alliances, ii. 1-26, 78; and odour, 
ii. 27 ff. peaceful enslavement, 
il. 164-9 
Allomerus, i. 151, and see octoarticula- 
tus, septemarticulatus 
alpina (Myrmica),\. 533 
alpinus (Strongylognathus), 1. 
401, 538, li. 120, 156-73 
altisquamis (Cataglyphis), 1. 397 
Amazon ant, see rufescens ( Polyergus) 
amazonensis (Solenopsis), 1. 256 
Amber: ants in, see Fossil ants; termite: 
in, li. 390 n. 
Amblyopone, 1. 157, 160, 11. 300. 
America: ‘ants, 1.. 138, 172; 44a 
AQI, ll. 117-18, 300; ant-eater 
il. 98; guests, 1. 304; harvesters 
ll. 209, 225; nests, 1. 479; parasites 
1. 314; ants and plants, 1. 255-6 
Central: ants, 1. 140, 149-52 
1§9-60, 256, 369, 402, Givered 
195 ff; fungus-growing, ii. 239 
guests, 1. 301; Homoptera, i. 506 
nests, 1. 358-9, 365, 489; parabiosis 
ii. 108; see also America (tropical) 
Mexico 
North: connection with Europ 
in Tertiary, i. 148; ants, i. 4, 7-8 
140, 144, 149, 159, 162-4, 168 
259, 400-1, 409-10, 414-15, 430-2 
438-9, 460, 470, 530-1, 533 
547-8, ul. 106, 117, 128-9, 203 
289, 301; aphids, i. 501-2, 505 
desert ants, 1. 249; fungus-grower: 
li. 260, 263; guests, i. 297-9, 301 
304; harvesters, i. 257, ii. 225-E 
invasions, i. 169, il. 73; Lycenid: 
1. 507, 509-10; Membracids, i. 506 


107, 


394: 


INDEX 


microgynes, i. 36; nests, i. 
331, 336-7, 342, 361, 364, 366, 
368-70, 479-80; ‘nurses,’ i, 457-8, 
460-1; parasites, i. 311-12, 316; 
slavers, il. 127-30, 147-53; ants and 
termites, ii. 382 

South: once connected with N.Z., 
i. 148; ants, i. 8, 149-52, 160, 
168, ii. 75; see also America (South, 
tropical), America (Tropical), 
Argentine, Chili, Paraguay, Pata- 
gonia 

South, tropical (Bolivia, Brazil, 
Colombia, Ecuador, Guiana, Vene- 
zuela): ants, 1.152, 161-2, 168, 252, 


320, 467, 489, il. 66, 200-4, 262, | 
| Anisopheidole, s.-g. of Pheidole, ii. 306 


Ore eae 79122995, 344-75, 
331; ant-balls, ii. 97; door-keepers, 
il. 287-8; fungus-growers, ii. 246, 
249, 265; gardens, i. 518-23; 
guests, i. 299-300, 305; nests, 
i. 349-50, 352, 368; parabiosis, 
ii. 8-9; parasites, 1. 314; ants and 
Plante, 1. 252,256, 1. 308 (tree 
ant); ants and termites, il. 102, 107 

——. Tropical: ants, i. 6, 141, 150-2, 
401-4, 414, 461, il. 88, 116, 303; 
fungus-growers, 11. 237 ff.; guests, 
1. 298, 300, 305; harvesters, 11. 225; 
nests 1. 345-6; ants and plants, 
i. 251, 254-5; see also America 
(Central), America (South, tropical), 
Mexico, West Indies 

americanus (Camponotus), Fig. 79 


americanus (Harpagoxenus), 1. 441, 
{2 051-3 

americanus (Lasius), 1. 299, 313, 595, 
il. 130 


Amirante Is., ants, 1. 153 
analis (Iridomyrmex), ii. 118, 311 
Anaplotermes, il. 107 


Anastasii v. cellarum (Pheidole), 
i. 169 

ANCEL, on modification of sex, i. 18, 
325 


Andalusia, PAacota in, 1. 533 


25, | 
| ANDRE: on aphids, i. 497; distribution 
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Andaman Is., ants, i. 149, 154 


of brood, i. 24, 451; Eciton, ii. 202; 
fossil ants, i. 171; slave-raid, ii. a7 
Andrei (Epixenus), i. 546-7 
AneeGres eee LAT.) 1585 
atratulus 
Anergatides Kohli, i. 543-4 
Aneuretini, sting, i. 143 
MAUCUPELES, AAT 32-3 8135, 18) a1 72s 
A. Simoni, i. 261 
anglicus (Mastotermes), ii. 390 n. 
angusticeps (Azteca), 1. 256 
angusticollis (Termopsis), ii. 
400 
angustulus (Leptothorax), 1. 395 


and see 


390 n., 


Anomma, Siafu, sg. of Dorylus, 
i 03850440, 15259259, 11. 96775 
mandibles, i. 46; larva, i. 298; 
fossil sede 1 7.1ge guests, 1 207,. 300; 
migration, wars, i. 466-7, il. 94, 
179-94; nuptials, 11. 195; see also 
nigricans, opacus, Wilwerthi 

Antarctic: continent, i. 148, 163; 
ants, 1. 149, 157, 159-60, il. 304 

Antenne, i. 52-3, 108-9, 117-19, 216; 
smell, i. 116, 190-1, 193, 198-205, 
226, il. § 3-7; touch, 1. 209; language, 
q.v.; used by symphiles, q.v.; in 
various ants, 1. 129-32, 134 

Antigoni (Leptothorax), i. 392 

Ant-lion, 11. 98 

Anus, 1. 69, 88, Figs. 13, 22; glands 
and odour, 1. 68-9, 102-5, 236-7, 
465, il. 66-8, 81-2; in various ants, 
1. 133, 143, 236 

Aphanogaster, 1. 142, 158, 277, 
396-7, 479, ll. 30, and see curta, 
Deromyrma, fulva, Loriai, Maria, 
picea, Planimyrma, rupestris, sardoa, 
subterranea, Swammerdami, tennes- 
seensis, testaceo-pilosa, Treate 

Aphids and coccids, 1. 493-505, 507, 
il. 63-4, 127, 281, 283, Figs. go-1 

AphomomyrmeXx, 1. 153 
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apicalis (Neoponera), 1. 315 

Apparatus for observation, see Nests 

appendiculata r. Schoope (Polyrhachis), 
PiaxXVe 

Apterostigma, 1. 159, ll. 89, 239, 251, 
255-9, and see Bruchi, Mayri v. 
discrepans, Moelleri, pilosum, Was- 
mannti 

arachne (Polyrhachis), i. 284 

arachnoides (Myrmicaria), 1. 
Fig. 63 

arboris-sancte (Pseudomyrma), 1. 255 

Archotermopsis, i. 355, 392, 394, and 
see Wroughtoni, Tornguisti 

Arctic ants, 1. 159 

arcuata (Cremastogaster), 1. 461, il. 
AS 

arcuata (Polyrhachis), i. 285 

arenarius (Messor), i. 249, 306, 333, 
338-41, 481, ll. 223-4, 230-1 

argentata (Formica), ii. 127-8, 148 

Argentine: ants, i. 152, 160, 549, 
ll. 106-7, 204; fungus-growers, 
il, 256). 273-4: seuests,, 15300; 
Homoptera, i. 506; nests, 1. 331, 
340; parabiosis and war, il. 88-9 

arizonensis (Acromyrmex), 1. 159 

armigerum (Daceton), ii. 297, Fig. 3C 

ARMIT, on harvesters, 11. 224 

ARNOLD, Dir. of Rhodesia Museum, on 
Pheidole, i. 548; on ants and 
termites, 11. 382 

Arrhinotermes, il. 376-7, 386, 389, 
392, 3045 A. pavus i. 377 

aserva (Formica), 1. 371, 439-40, 
il. 127-8 

Asia: ants, 1. 8, 138, 143, 158, il. 303; 
Asiatic ants in amber, 1. 172; 
harvesters, li. 209; nests, 1. 342, 
479; slavers in North, ll. 119, 1245 
weavers, li. 281; Asia Minor and 
Syria, 1. 149, 158, 165, 268, 295, 
407, 302,.30251390; 5649, 10) 200, 
215,9224, 284; seé also Ceylon, 
China, Formosa, India, Indo-China, 
Indo-Malayan ants, Japan, Siberia 


353-45 
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aspera (Leptogenys), il. 102 

Aspersus v. Santschii (Acromyrmex), 
ii. 260 

Asphinctopone, 1. 152 

Assam, ants, 1. 154 

assMUTH, on Myrmecophila, 1. 305 

Atemeles beetle, as guest, 1. 271-7, 
279, 284;-287-9. Fig. 32 

Atii (Camponotus), 1. 398 

Atlantis (Camponotus), 1. 398, 460-1 

Atopogyna, s.-g. of Cremastogaster, 
ii. 306; A. depressa, ii. 306 

A topomyrmex, 1. 152 

Atratulus (Anergates): males, 1. 38-9; 
ovaries, 1. 428-9; nuptials, i. 40, 
406-7; parasitism, 1. 32, 539-43, 
546 

atratus (Cephalotes), ii. 66, 
205 

atratus (Cyphomyrmex), 1. 261-2 

Atta, Sauba, 1. 151; anatomy, i. 43-4, 
237-8, ll. 291; guests, i. og 
ll. 297; food, 11. 272; door-keeping, 
li. 292; nuptials, 1. 414-15; balls, 
ll. 97; leaf-cutting and fungus- 
growing, ii. 238-42, 245, 2409, 
253, 259, 303; Atta IV identified 
with Acromyrmex Moelleri, ii. 247; 
see also cephalotes, columbica, fer- 


204-5, 


vens, levigata, sexdens, texana, 
Vollenweideri 

Attaphila (cockroaches), as guests 
1. 305-6 


attelaboides (Dolichoderus), i. 
Pigas EL 

Attini, 40-8, -F2,00he. waar 159. 
164, 252, 401, ii, 273-6) doom 
ii. 272; fungus-growing, leaf-cutting, 
colonies, i. 127, 251-2, ii.) age, 
245-7, 259, 264-72; guests, i. 305-6; 
larvee, 1. 517; poison apparatus, 
1. 99; smell, i. 201 

Auberti (Cremastogaster), i. 
84 

aureorufa (Myrmecia), Pl. Ib 

auritus (Cyphomyrmex), ii. 258-9 


506, 


396, ii 
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Australia: ants, 1. 8-9, 56, 63, 75, 


B43 5) 149, 153; Siile 
EOP, i. 88, 206, 293, 300, 312-13; 


Australian ants in amber, i. 172; 
guests, 1. 296; harvesters, ii. 224; 
invaders, i. 168-9; nests, i. 366; 
ee ik 457; 461; parasites, 


- 312; psyllids, i. 505-6; termites, 
li. 382; weavers, ii. 280-1 
Automatic activity, i. 184-5, 243 
Azteca, i. 66, 131, 150-1, 253, 402, 
485, 502, 519, li. 65, 67, 204, and 
see Alfari, amgusticeps, barbifex, 
chartifex, caruleipennis, condincola, 
constructor,  Coussapoe,  depilis, 
Duroie, emarginatisquamis, Emeryi, 
filicis, hypophylla, instabilis, Lalle- 
mandi, longiceps, Mathilde, minor, 
Muelleri, multinida, olitrix, Pittieri, 


polymorpha, Schumanni, sericea, 
Stanleyuli, Tachigalie, Tococe, 
Tonduzi, Traili, Ulei, velox, virens 

badius (Pogonomyrmex), ii. 226-7, 
229 

BAER, on Homoptera, i. 506 

Balls, communal, i. 364, il. 96-7, 


183-4 
Baltic, fossil ants, 1. 170-3 
BAR, on Ecifon, il. 202-3 
barbarus (Messor), 1. 125, 395, 397; 


BO, biga 110; eyes, 1. 220; 
guests, 1. 304, 306; swarming, 
ii. 216; nuptials, 1. 418; nests, 


i. 481; war, 11. 85, 215-16; harvest- 


ing, ll. 209-10, 212-15, 217-18, 
221-3, 231; see also wgyptiacus, 
meridionalis 

barbatus (Pogonomyrmex), 1. 341, 
A7G-0, We-%i4,. 226, and. see 
molefaciens, rugosus P 


barbifex (Azteca), 1. 250-1 

Basiceros, i. 1§1, i. 264 

paTes (Henry W.): Naturalist on the 
R. Amazon, ii. 196; on Atta, i. 
237-9, 246; Dinoponera, i. 102; 


159, | 


AYI 


Eciton, i. 225, ii. 
1. 520; nests, i. 368 
Batesi v. nigra (Cardiocondyla), i. 408 
BATHELLIER, On termites, il. 364-5, 368 
Batheri (Mastotermes), ii. 390 n. 
Beccarii (Me/issotarsus), i. 471, Fig. 87 
Bee: parthenogenesis, polymorphism, 
is 155 vsenses, 1. 180, 190, 262-3, 
216, 225; memory, i. 244; nuptials, 
1. 410-11; feeding of larve, i. 421; 
colonization, 1. 418; parabiosis with 
ant, 11. 282; egg-laying, i. 22 
Beetle: smell, i. 200; equilibrium, 
i211; hearimg,i. 216-17; as 
euest, 1. 204,209, 302,305, 308; 
as parasite, 1. 310; see also Atemeles, 
Bostrichus, Claviger, Dinarda, 
Histeride, Lomechusa, Pausside, 
Staphylinide, Thorictus 
bellicosus (Termes), il. 358, 381 
Belonopelta, i. 46, 150 
BELT (Thomas): Naturalist in Nicar- 
agua, \. 317, li. 198; on ants and 
acacias, 1. 254; ants and Homop- 
tera, 1. 506; Atta and guest, 1. 299; 
Atta aad poison, 1. 317-18; A¢tini, 
fungus-growing, ii 239-42, 246, 
252; Attini, smell, 1. 201; Eciton, 
i. 467, 489, ll. 198-200 
Belti (Pseudomyrma), 1}. 
fSulvescens, ii. 108 
BEQUAERT, on Carebara, ii. 116 
BERANGER, Utopia, 11,0350 
Bergi (Pheidole), i. 331, 340, ll. 307 
BERGsON (Henri), Evolution créatrice, 
on ants, 11. 330 
BERLESE, on Johnstonian organ, 1. 120 
BERTHELOT, on pain and heat, i. 211 
BERTHOUD (Paul), on Dorylus, il. 194-5 
Berthoudi (Formica), 1. 125, and see 
custodiens (Plagiolepis) 
BETHE, on reflexes, tropisms, 1. 205-7, 
il. 93 
BICKFORD, Miss, on ovarioles, i. 91 
bicolor (Cataglyphis), 1. 291, 293, 299, 
4b7, 482, M231 


196-9; gardens, 


255 ey 
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bicolor (Polyergus), 1. 148-9 


bicolor (Polyrhachis), 1. 357, i. 284 
bicolor x. textor (Technomyrmex), 
i. 286 


bicornis (Lasius), i. 486 

bidens (Dolichoderus), 1. 371 

BINGHAM (C. T.): on jumpers, il. 3133 
Lobopelta, it. 102; Physocrema, 
i. 461-2, ll. 304-5 

Binghami (Leptogenys), u. 102 

Binghami (Myrmoteras), Pl. VIIIc 

Birds: enemies of ants, 11. 98-9; 
visiting ants attack, 11. 186, 199 

birmana (Leptogenys), il. 102 

BIRO, Epixenus, 1. 547 

Biroi (Epixenus), 1. 547 

Bismarck Archipelago, see Oceania 

bismarckensis (Leptogenys), ul. 102 

bispinosus (Dolichoderus), ii. 108 

Blastophthory, 1. xlu 

BLOCHMANN, on colonies, 1. 418, 426 

Blood, i. 94-6 

Bogs, nests in, 1. 345 

BOLIVAR, on A¢taphila, i. 306 

Bombycina (Cataglyphis), i. 400, 482, 
M65 ..230, 1300, Fle XUV he 

BONDROIT, Fourmis de France et de 
Belgique, i. 146 

Bondroitia, 1. 117 

borneensis (Cremastogaster), il. 306 

Borneo, see Sunda Is. 

Bos, on ants, aphids, and plants, 
1. 497, li. 333 

Bostrichus, bark-beetle, i. 
Se) 

Bothriomyrmex, 1. 69, 88, 105, 122, 
133, 417, 433-4, and see decapitans, 
meridionalis 

Bothroponera, 1. 304 

BOUIN, On modification of sex, 1. 18, 
345 

BOULE, Fossil Man, on 
li 383 n.,.390 n. 

bournemouthensis (Mastotermes), ii. 


390 n. 


BOUVIER, On instincts, 11. 383 n. 


25855 li, 


instincts, 


INDEX 


461, il. 88 
Heer 


Brachymyrmex, 1. 151, 
113, and see Cordemoyi, 
termitophilus 

Brachyponera, s.g. of Euponera, i. 65 

BRACKES (Anna), fungus-gardens, 1 
256 

Brain: in general, i. xliv, 11. 322-6; ¢ 
ants,-1. 79, 107-13, 178, 2qcm 
242-8, Fig. 24 

prauns (Arthur): on Messor, ii. 231- 
its wars with Catag/yphis, i. 85 

Brauns (Hans): on ictus, 1. 201 
lestobiosis, ii. 114-15 

BRAUNS (J.), on Dorylus, il. 194 

BREUER, on sense of equilibriur 
i. 186 

breviceps (Polyergus), il. 147-8 

brevicornis (Lasius), 1. 110, Fig. 24 

brevicornis (Solenopsis), il. 116 

brevinodis (Myrmica), see 
canadensis 

brevipennis (Dorylus), 1. 194 

Bridges of ants, 1. 364, ll. 97, 19 
202, 280 

Brood, i. xxxvi; care of, 1. 25, 419-2 
426, 428-9, 431-43, 450-4, Fig. 7 
by éfa, ul. 267-71; by am 
1. 24, 450; feeding of jiiweme 
217-18, 220, 223, andsseemm 
gurgitation; result of inadequa 
feeding, 11. 125; odour, il. 44 ff s 
also Eggs, Larve, ‘Nurses,’ Nymp 

BRUCH (Carlos): Estudios myrmeco. 


alpin 


gicos, il. 273; on Acromyrm 
Lundi, ii. 249, 265; Discothyr 
1. 160; Eciton, ii. 204; fungi 
growers, lM. 257, 262)aae 


Pheidole, i, 340, ii. 307; parabio: 
li. 88; Synsolenopsis, i. 549; wa 
i. 89 

Bruchi (Apterostigma), ii. 256-7, 
273-5, Fig. 119 

Bruchi (Synsolenopsis), i. 549 

BRUN (Rudolf): Leben der Ameis 
i. 208; apparatus, i. 388-90; 
adelphogamy, i. 416; anten: 


wef 


ee 
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language, 1. 240; colonies, i. 427-8, 
430, 432; memory, i. 212-13; 


nests, 1. 356, 486; odour and | 


alliance, il. 25-6; sight, i. 231-2; 
smell and alliance, 1. 206-8; social 
Hymenoptera, i. 183 

Brunella, 1. 153 

brunneus (Lasius): guests, i. 297, 
299, 304; nests, 1. 344-5, 369, 
486; aphids, i. 498; harvesting, 
ii. 218-19 

Buccal sac, i. 50, 87 

BUCKLEY, on harvesters, ll. 227 

BUESGEN, on aphids, 1. 501-2 


Bug: smell, i. 202; Dulichius Wrough- | 


toni imitates ant, 1. 268, 302-3, | 


PlLIVd , 


BUGNION (Edouard): on ants and 


fermutes, Hi. TOO, £02, 353 f., | 


Myrmica myrmicoxena, 1. 5343; sex 


of insects, 1. 15-16; weavers, ll. 281 | 


Bugnioni (Acromyrmex), i. 260 

Bugnioni (Leptothorax), i. 396 

Burchelli (Eciton), 1. 131, 298, 300, 
467, il. 200-2, 204; same as 
E. Foreli, ii. 201 

BUTTEL-REEPEN (H. von): discovered 
Proatta, ii. 272; on colonies, 1. 428; 
eggs, 1. 451-2; ocelli, i. 231; social 
Hymenoptera, 1. 183 

Butterfly, see Lepidoptera 


Cacopone, i. 152 

Cecilie (Strongylognathus), ii. 164 

cecum (Eciton), i. 224-5, il. 198, 204 

Cesar (Camponotus), 1. 161-2 

cespitum (Tetramorium), i. 10, 159, 
Boo 395, Woti2, PL XI, Figs..7, 
133A; generative organs, 1. QI-2; 
brood, i. 28-9, ii. 280; war, il. 59, 
73-4, 81-3, 85, 89-90, 93; colonies, 

i. 428; migrations, i. 169; guests, 
WZ GO, 297, 3025) tests, <1. 337, 
366, 4793 adoptions, 1. 407, 442-3, 
535-43; harvesting, 11. 218, 223; 
as slaves, ll. 153-73 
EE2 


calens (Pheidole), ii. 114 

californicus (Pogonomyrmex), ii. 226 

Calomyrmex, i. 144: splendidus var. 
viridiventris, Pl. 1Xa 

Calotermes, 11. 355 notes, 378, 210s 
383-5, 389, 394, 400; C. dilatus, 
ii. 379; C. Greeni, ii. 379-80 

CAMERON (P.), on Eucharis Myrmecie, 
eat 2 

Camille (Mystrium), i. 154 

Camponotine, see Formicine (new 


sub-family) 


| Camponotus, i. 9, 127-8, 144-5, 153, 


155, 157, 159, 393, 396; anatomy, 
Lo h25. 02; ie 74, Ties 805, 0; 
nursing, 1. 129; poison, ii. 66-7, 753 
language, 1. 242; and plants, i. 251; 
nuptials, i. 416; guests, parasites, 
1. 290-1, 304, 313; odour and 
friendship, ii. 30, 58; parabiosis, 
Un 107; war, UM. 74-5) -80, 084, 
196-7; door-keepers, ii. 291-2; 
colonies, 1. 418; transport, 1. 464-5, 
46756 aphids, a. 6023)" effect, of 
amputation, 1. 318; see also ethiops, 
americanus, Atii, Atlantis, Cesar, 
castaneus, chilensis v. ruficornis, 
Colobopsis, cruentatus, culmicola, 
cuneiscapus, erigens, etiolatus, ex- 
sanguis, fallax, femoratus, folicola, 
Sulvopilosus x. detritus, Goeldii, 
Hannan, herculeanus, imitator, in- 
fiata, irritabilis, janitor, levigatus, 
lateralis, ligniperdus, massiliensis, 
minor, mirabilis, mus, Myrmamblys, 
Myrmepomis, Myrmobrachys, Myr- 
momalis, Myrmophyma, Myrmo- 
psamma, Myrmorhachis, Myrmo- 
sphincta, Myrmotarsus, Myrmothrix, 
Myrmoturba, mystaceus, oasium, 
Orthonotomyrmex, paradoxus, penn- 
sylvanicus, pictus, planatus, punctu- 
latus, quadriceps,  quadrisectus, 
rapax, sénex, sericeriventris 1. rex, 
simulans, Sommeri, stercorarius, syl- 
vaticus, termitarius, textor, thoracica, 
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truncatus, Ulet, universitatis, vagus, 
Werthi, Winkleri, zoc 

canadensis (Myrmica), 1. 531-3 

capitalis (Messor), 1. 294 

Capritermes, 11. 375, 392 

Cardiocondyla, i. 38, 40, 395-6, 
407-8, and see Baresi v. nigra, 
Emeryi, Stambulofi, Wroughtoni 

CARDON, on Paussidz and ants, 1. 295 

Carebara, ii. 113, 115-17; and see 
Funodi, lignata, vidua 

Carebarella, ii. 113, 116 

carniolicus (Lasius), 1. 433 

carolinense (Eciton), 1. 364, i. 203-4, 
206 

CARPENTER, on ants and termites, 11. 381 

Carton-building, 1. 106-7, 252-4, 
346-56, 367, 370-1, 485-6 


castanea v. simia (Cremastogaster), | 
| Chamberlini (Symmyrmica), 1. 40 


1255 
castaneus (Camponotus), 1. 234, 342 
Cataglyphis, 1. 144, 250, 


and see albicans, altisguamis, bicolor, 
bombycina, Diehli, Lucasi, Machero- 
myrma, mauritanicus, megalocola, 
orientalis, Viaticoides, viaticus 

Cataulacini, i. 142, ll. 293, 296 

Cataulacus (Otomyrmex) Silvestrii, 
i170; to 2G3 

caulomma (Polyrhachis), P\. X\1Ia 

caviceps (Messor), 1. 399-400, 482, 
il. 230-1 

Celebes, see Sunda Is. 

Cell, ifs Sich at T3135 tes cuts aa 
ant, 1. 41, 77-8; of blood, i. 95-6; 
gizzard, i. 76-7; mandibular glands, 
i. 106; muscles, i. 120; nervous 
system (ganglion), 1. 108-11, 114, 
120; poison apparatus, 1. 98-9, 
103-4; wings, 1. 59 

cellarum (Pheidole), i. 169 

Centromyrmicini, i. 137 

Cephalotes, see atratus 

céphalotes (Atta), 1. 369, 403, il. 
202-3, 237-8, 240, 245-6 


291-4, | 
396-9, 417, 464, 483, li. 65, 232, | 
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Cephaloxys, s.-g. of Strumigenys, i. 2¢ 

Cerapachys, 1. 452, ll. 300 

Cerapachysini, il. 301 

Ceratopheidole, i. 306 

Cercini a7 oaiat 

Cercopids, as ant-cattle, 1. 506-7 

Ceres (Pheidole), 1. 547 

Ceylon: atts, 1. 149, 154-5, ll. 30 
nests, i. 367; weavers, il. 28 
283-5; Homoptera, 1. 506; Nepe 
thes, 1. 261; termites, H. 25 .5.ma 
368 #., 387, 393 

ceylonensis (Polyrhachis), ii. 285 

ceylonica (Polyrhachis), 1. 367 

ceylonicus (Coptotermes), 11. 376 

ceylonicus (Eutermes), i. 365-8 

Chagos Is., ants, 1. 149, 153 


CHAMBERLIN, on Symmyrmica as pat 


site, 1. 530-1 


530-1 

Champagne-cork organs, i. 
218-19, 1. 56, Fig. 25 

Chariomyrma, s.-g. of Polyrhachis, s 
appendiculata 1. Schoope, caulomm 
Hookeri, Ferdoni 

chartifex 1. multinida (Azteca), i. 34 
371 

Cheliomyrmex, 1. 14.0, 150, ii. 205 

Chiarinii (Cremastogaster),i.254-5, 3! 

CHILD, on Johnstonian organ, i. 120 

chilensis v. ruficornis (Camponotu: 
Pixie 

Chili, ants, i. 8, 150-1, 159 

China: -ants, 1. 149, 154, 158, 16 
ants protect plants, i. 259, il. 333 

chinensis (Leptogenys), ii. 102 

Chitin, i. xliv, 70-3, 76, 78 

Chobauti (Monomorium), i. 399-40 
ll. 230-1 

CHODAT, on Cryptocerus Eduardu 
1. 220, il. 294 

Chodati (Pseudomyrma), i. 256 

Chordotonal organs, i. 119-20, 215-1 
218, Fig..26 ; 

CHRISTOPHERSEN, on parabiosis, ii. 1 


EX 


> 


INDEX 


Christophi (Strongylognathus), ii. 164 

Chromatin, i. 13-14, 16 

ciliata (Formica), i. 431 

cinerea (Formica), 1. 333, 337, 393, 
478, 507-12, 1. 89, 126 

cinereo-rufibarbis (Formica), ii. 146 

Circulation, blood, i. 94-6 

CLAPAREDE, on heredity, il. 383 

clarus (Odontomachus), ii. 301 

claviger (Lasius), 1. 299, 470 
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| conifer (Iridomyrmex), i. 56, 366 
| Conomyrma, s.-g. of Dorymyrmex, 


Clavigeride beetles: as guests, i. 297-8; | 


imitated by mite, i. 308 

Cleptobiosis, ii. 117-18 

Climate: effect on ants, i. 5-9, 31, 75, 
147 oi, 164, i... 330-1; on nests, 
1. 24-5, 336-7, 362 

Cloaca, i. 68-9, 88, 102, 132, 134 

Clypeal socket, 1. 52 

clypeatus (Cryptocerus), 1. 51, Ul. 293, 
295, Pl. XIVa-c 

Clypeus, see Epistoma 

coarctata (Ponera), i. 224, 247, 394 

Coccids, see under Aphids 

Cockerelli (Novomessor), 11. 225-6 

Cocoon, i. 26-7, 129-30, il. 280-1, 286 

ceruleipennis (Azteca), 1.255 

Colobopsis, s.-g. of Camponotus, 1. 34, 
342, ll. 290, 379 n., and see cu/- 
micola, etiolatus, janitor, paradoxus, 
Sommeri, truncatus 

Colonies, i. 39, 407-8, 410, 414, 
418-44; of Attini, ii. 264-72; 
autodidact, i. 284; polycalic, 1. 
253-4, 329, 349, 362, 370-1, 
429-32, 440, 527, ll. 58, 63, 845 
mixed, see Alliances 

coloradensis (Pheidole), i. 548 

Colour, 4. 17, 75,148 


“Columbica (Atta), ii. 240, 242-5 


Combs, i. 48-9, 236, Fig. 8; on spurs, 
see Spurs . 

Communication, see Language 

commutata (Pheidole), i. 315-16, 
Fig. 40 

Comoro Is., ants, 1. 149, 153 

condincola (Azteca), 1. 256 


i. 482, and see exsanguis, pyramicus, 
Wolfthuegeli 
consocians (Formica), i. 432 
constructor (Azteca), i. 255 
Convergence, i. 8, 31, 148, 159, 162 
convexus (Leptothorax), i. 397 
convulsionarius (Termes), ii. 393 
COOK, on regurgitation, ii. 300 
Copal, insects in, i. 173 
Coptotermes, ii. 375-6, 386, 388-go, 
392, 394, and see ceylonicus, travians 
COQUILLET, on ants and parasites, i. 314 


| Cordemoyi (Brachymyrmex), i. 168 


Cordia ( Pseudomyrma),i.255-6,1i. 302 
CORNETZ: on harvesters, li. 221; on 
podometric sense, 1. 212 


| Cornetzi (Acromyrmex), ii. 260 


coronatus (Acromyrmex), il. 247 

Corsica, ants, il. 207 

corsicus (Formicoxenus), 1. 530 

corticalis (Leptothorax), 1. 343 

Cosmopolitan ants, i. 167 

Coussapor (Azteca), 1. 256 

Coxa, 1. 54-6, 60-1 

crassicorne (Eciton), 11. 198, 204 

Cratomyrmex, 1. 152 

CRAWLEY: on Aznergates and Tetra- 
morium, 1. 407, 539, 5433; colonies, 
1. 428, 432 

Cremastogaster, 1. 6, 9, 141, 152, 156, 
158-9, 396, 404, il. 304; anatomy, 
i. 66-8; nests, i. 371, 485; coccids, 
i. 502; colonies, 1. 433; war, ul. 88, 
90, 94, 193; parabiosis, 11. 107; lesto- 
biosis, il. 113; cleptobiosis, ii. 118; 
see also Acacia, alegrensis, arcuata, 
Atopogyna,  Auberti, — borneensis, 
castanea, Chiarinit, Decacrema, de- 
formis, depressa, Emme, inflata, 
limita, lineolata, Montezumia, Oxy- 
gyna, parabiotica, Physocrema, pilosa, 
quadriformis, Ranavalone, Ruspolit, 
scutellaris, simia, sordidula, Stein- 
heili, victima 
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Cremastogastrini, ii. 303-6 

Crete, ants, 1. 547 

creticum (Monomorium), 1. 547 

creticus (Epixenus), 1. 547 

Cricket, hearing, i. 216 

crinita (Formica), 1. 431 

croaticus (Mastotermes), il. 390 n. 

Crop, 1.67, 76-7, 79-80, Fig. 14; of 
‘nurses,’ i. 458-60; and irrigation, 
i. 490 

cruentatus (Camponotus), 1. 395 

cruentatus (Harpegnathus), il. 
Pl. XIVk 

Cryptocerine, 1. 72 

Gryprocerizi, 1. 134, 142;.345, 510, 
ll. 293-6 

Cryptocerus, 1. 51, 74, 86, 98, 150-1, 
il. 107, 294-5, 297, and see 
clypeatus, Cyathocephalus, Eduarduli, 
silve, varians, Zacryptocerus 

Cryptopone, 1. 155 

Culmicola (Camponotus), i. 287, Fig. 
135 

Cuneiscapus (Camponotus), i. 550 

Curta (Aphenogaster), Pl. [Vg 

Curvispinosus (Leptothorax), 1. 441, 
il. 152-3 

Cuspidatus (Dolichoderus), i. 56 

Custodiens (Plagiolepis), i. 302; identi- 
fied with Berthoudi (Formica), 1.125 

Cuticula, 1. 76-9; of accessory gland, 
1. 106; heart, 1. 95; gizzard, 1. 81-5, 
87; intestines, 1. 87; peritoneum, i. 
96; poison apparatus, 1. 98-102, 104 

cuviER, theory of deluges, ii. 317 

Cyathocephalus, s.-g. of Cryptocerus, 
see varians 

Cylindromyrmex, 1. 137, 150 

Cyphomyrmex, 1. 151, li. 239, 251, 
257-9, 262-4, 272, and see atratus, 
auritus, minutus, rimosus, strigatus, 
Wheeleri 

Cyrus (Polyrhachis), i. 285 


ales 


Diaceligi i Aa, Rt AZ els Ween 03, 
297, 314 
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Daceton,i. 51, 151, il. 297; armigerur 
i 297 

dacotensis (Formica), 1. 431 

Dacryon,1.157 

DAHL: on ants in plants, ices 
Lobopelta and termites, il. 10 
nests, 11. 285 

Dahlii (Polyrhachis), 1. 284 

DARWIN: on colonies, i. 430; evolutior 
etc., 1. xlil-ili, 11. 317-18, 383 n. 

darwinensis (Mastotermes), il. 390 } 

debilis (Dolichoderus), see parabiotic 
rufescens 

Decacrema, s.-g. of Cremastogaste 
ii. 306; D. dornegnsis, ii. 306 

decamerum (Monomorium), ii. 116 

decapitans (Bothriomyrmex), Fig. 72 

deformis (Cremastogaster), 1. 303- 
461-2, ii. 304-5, Pl. XIVd 

DE GOODALE, on modification of sex,1. I 

Delaparti (Leptothorax), 1. 398 

DELPINO, on Testigometra, i. 506 

DE MAN, on nematode, 1. 317 

dendroica (Pseudomyrma), i. 255 

Dendrolasius, s.-g. of Lasius, 1. 23 
368, 11. 126, and see fuliginosus 

Dendromyrmex, i. 151, ii. 309 

denticornis (Messor), ii. 230 

dentiger (Monomorium), i. 396 

depilis (Azteca), i. 255-6 

depressa (Cremastogaster), ii. 306 

Deromyrma, s.-g. of Aphenogaster, s 
curta, Swammerdami 

Desert? ants, 1.31, 182, 154). 0am 
162-3, 249, 396, 399-400, — 
309-10; mests, i. 333,003 30a 
480-3; harvesting, ii. 223, 225- 
230-1; “nurses, i. 457 fy psa 
mophores, i. 74-5, 148 

Despair, emotion of, i. 214, 24 
il. 64, 79, 91 

destructor (Gigantiops), ii. 30 
373515 

destructor (Monomorium), i. 167 

detectus (Iridomyrmex), i. 506; ve 
viridienea, Pl. Villa 
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detritus (Camponotus), Pl. IXc 

Diacamma, i. 36-7, 155, 4r6, | ll. 99, 
102, 299, and see vagans 

Dichthadia, s.-g. of Dorylus, i. 139-40, 
li. 195 

Dicroaspis, i. 152 

Diego (Sericomyrmex), i. 4.03, ii. 262 

Diehhi (Cataglyphis), i. 398-9, ii. 100 

difficilis (Formica), i. 36, 432 

dilatus (Calotermes), i. 379 

dimidiatus (Meranoplus), ii. 224 

diminuta (Leptogenys), ii. 380 

Dimorphomyrmex, 1. 135, 155 

Dinarda, beetle, i. 277-9, 308, Fig. 
34 

Dinoponera, i. 137, 150; D. grandis, 
il. 102 

Diplomorium, 1. 152, ii. 113; D. longi- 
penne, Ue ATS 

Diptera, flies: sense of smell, i. 202; 
as guests, 1. 303-4; as parasites, 
i. 310-11, 313-14, il. 231 (Bengalia 
latro), Pl. XIVd, Fig. 39 

disciger (Acromyrmex), il. 
5 

Discothyrea, 1. 160 

discrepans (Apterostigma), ll. 255 

diversus (Pheidologeton), 1. 32, ll. 224, 
231, 369, Pl. III a-c 

dives (Polyrhachis), i. 
283-4, 286 

DODD, on weavers, il. 280 

DOFLEIN (Franz), Maxedonische Amei- 
sen, on Mac. ants, il. 233-6; on 
weavers, ii. 278, 280 

Dolichodering, 1. 96, 128, 131-3, 
£35, 238, 143, 152-3, 157-8, 1725 
brood, i. 24, 26, 517; anatomy, 
i. 66, 81, 85-6, 129, li. 67; fossil, 
i. 171; no stridulation, 1. 131y 2153 
wars, il. 77; food, il. 99; parabiosis, 
Wm LO4, 91075, Cleptopiosis, 11, 5117; 
sting atrophied, 1. 69, 96, 99, 
ii. 67; anal secretion, i. 102, 236-7, 
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Dolichoderus, i. 82, 86, 133, 143, 
502, ll. 99, 307, and see afte/a- 
boides, bidens, bispinosus, cuspidatus, 
Dorie x. extensispinosus, Hypoclinea, 
Monacis, parabiotica, gquadripunc- 
tatus, rufescens 

DONISTHORPE: on Azergates and Tetra- 
morium, 1. 356, 407; Bondroit, 
1. 146; colonies, i. 428, 4323 nests, 
1. 486 

Door-keepers, i1. 61-2, 287-92 

Dorie 1. extensispinosus (Dolicho- 
derus), Pl. VIIIb 

Doryling, i. 2, 130-1, 135, 138-41, 
153, 156-9, il. 301; anatomy, 
1, 70, 81; sting, ii. 68; wingless 
blind Q, i. 37, ii. 192; stridulation, 
i. 218; brood, i. 26, 516; guests, 
i. 300, 308-9; nests, i. 362-4, 371; 
nuptials, 1. 409-10; ownership, 
i034; food, 1,250,250, 514, 516, 
ii. 99, 184, 382; war, nomadism, 
thieving, i. 362, 463, 465, ii. 68, 
88- “9, 94, 99, 179 ff.; mammal 
enemies, i. 98 

DOryitt, Weg Sy 1 52,11. 17.0) 1 

Doryloxelus, 1. 157 

Dorylus, 1. 138-40, 152, 158, 259, 
399; anatomy, 1. 51, 60, 65, 98, 
130; nymph, i. 131; guests, i. 300; 
war, li. 88, 195 ff.; see also 4/aopone, 
Anomma, brevipennis, Dichthadia, 
fimbriatus, fulvus, helvolus, juven- 
culus, nigricans, opacus, orientalis, 
Rhogmus, Typhlopone, Wilwerthi 

Dorymyrmex, 1. 9, 132, 151, 159-60, 
482, and see Conomyrma, ensifer, 
exsanguis, pyramicus, Wolfhuegeli 

Dragon-fly, sight, 1. 222-3 

Drepanotermes Silvestri, il. 382 

puFour (Henri), experiments on sight 
of ants, 1. 230 

purour (Léon), on hearing of crickets, 
12216 

DUJARDIN, 
1. LIO-11 


bodies, 


on pedunculate 
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Durvie (Azteca), 1. 256 
DZIERZON, on queen bee, 1. 15 


Echinopla, i. 41, 53, 155, Ul. 3125 
E. melanarctos, 1. 73 
Heitini; AAT Gl, Wat 70.9105 


Eciton, i. 138-40, 150-1, 410, ii. 88, | 


94, 96, 184, 19%, 105 tHa-zoo=z, 
205; mandibles, i. 33-4, 44, ll. 66, 
1Q0s. eyesuee LN396 224, Aid 8O; 


pedicel, i. 64-5, 130; sting, 1. 66; | 


brood, 1. 137,.452, u.. 298; nests, 
i. 489; guests, parasites, 1. 298, 
300, 314; Taucca, 11. 196; see also 
Acamatus, Burchelli, cecum, carolt- 
nense, crassicorne, Foreli, hamatum, 
Labidus, legionis, predator, quad- 
riglume, rapax, Schmitti, Strobeli 

Ecphorella, i. 153 

Ectatomma: genus, see Acanthoponera, 
ruidum, Stictoponera, tuberculatum, 
S.-g., 1. 150 

Ectatommini, i. 152 

Eduardi ( Ponera), i. 38, 409, Pl. IIIf-g 

Eduarduli (Cryptocerus), i. 220-1, 
ll. 294-5 

EDwarps (W.H.), on Lycenids, 1. 507, 
509-10 


Hegs,ool 2622, ait 35» shereditary || 
energy and polymorphism in, 1. 13, | 


15, 182, 185; position in ovary, 
1. 90-3; egg-laying, 1. 21, 450-1; 
care of, 1. 451-2; see also Brood 

Elasmopheidole, s.-g. of Pheidole, ii. 
292, 307, and see vallifica 


elecebra (Sympheidole), i. 54.7 
elongata (Leptogenys), Fig. 1A 
elongata (Pseudomyrma), ii. 302 
emarginatisquamis (Azteca), 1. 256 


emarginatus (Lasius), 1. 92, 237, 356, 


364-5, 416, 486, 490, il. 218 
Embryogenesis, i. 185 


Emersoni (Leptothorax), i. 90, 531-3, 


il. 108, Fig. 18 


EMERY: Genera Insectorum, classifica- 
tion, 1. 128 ff., 146; Formiche dell’ 
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ambra siciliana, on fossil ants, 
i. 170-1; on anatomy, 1. 34, 55-6, 
81-2, 86-7; Bondroit, i.e 
Camponotus, i. 127; colonies, 1. 427, 
434-7; Doryling, 1. 2, 139, 2. 30% 
harvesters, 11. 208, 213, 220-3) 
235; instinct of progress, 1. 340; 
Italian ants, i. 395; Leptanilla, 
il. 207; lestobiosis, 11. 114; nematode 
in Pheidole, 1. 315-16; nuptials, 
i. 410; Onychomyrmex, 1. 63; 
Papuan fauna, i. 156; parabiosis, 
il. 106; parasitic ants, 1. 533-4, 
546-9; Pseudomyrmini, il. 301 

Emeryella, i. 46, 150, 152 

Emeryi (Azteceé), 1. 255 

Emeryi (Cardiocondyla), i. 167, 549 

Emme (Cremastogaster), 1. 354-6 

Emme (Paraformica), \. 399 

EMMELIUS, Harpagoxenus, il. 151 

Empodium, 1. 63-64 

England: ants, 11. 124; fossil termites, 
li. 390 n. 

Engramma,\. 153 

ensifer (Dorymyrmex), 1. 338, 482. 
Hyl66, PIsLVe 

Ephebomyrmex, s.-g. of Pogonomyrmex 
il. 226 

Epimera, 1. 55 

Epimyrma, \. 41 

Epinotum, i. 56-7, 66, 71 

Epipheidole, i. 141, 159, i. 306 

Episterna, 1. 55-7 

Epistoma, clypeus, i. 50, 130-3 

Epixenus,i. 14%, 158, 547; E. Andrei 
Biroi, creticus, 1. 546-7 

Epecus, i. 141, 159} E. Pergandei 
1. 548 

Epopostruma, 1. 156 

Equilibrium, see Senso-motility 

Erebomyrma, \. 172, ii. 113, 116 

ergatandria ( Ponera), i. 409 

Ergatogynes, i. 36-7, 129, 137 
188-9, 408, 410, 441, 461, 526 
533, 547, U. 13%, 143-4, 09mg 
151-2 : 
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erigens (Camponotus), 1. 397-8 

erraticum (Tapinoma): Figs. 1C, 84, 
97; adoptions, 1. 434; cleptobiosis, 
ll. 117-18; colonies, i. 431; guests, 
1. 290, 299, 549; habitat, i. 394; 
migration, 1. 463; nests, i. 334-5, 
479; nuptials, 1. 416; poison, il. 67, 
81; smell, 1. 198; war, i. 81-2 

ESCHERICH: on adelphogamy, i. 416; 
Anergates, 1. 539; colonies, i. 428; 
guests, 1. 264-5, 293, 299; har- 
vesters, ll. 221, 223; nuptials, 
i. 411; parabiosis with termites, 
il. 107; Sernander, i. 258; Strongy- 
lognathus Huberi, ii. 155; termites, 
ll. 358; trophobiosis, i. 492 

Escherichi (Pa@dalgus), ii. 117 

Escherichia, i. 152 

Espinas (Alfred), Des Sociétés animales, 
on ants, 11..328-31 

esta, species, il. 98 

Ethiopian fauna, i. 149, 152-3 

etiolatus (Camponotus), 1. 
289 

Eucamponoting, \. 144-5 

Eudolichodering, 1. 143 

Eugenics, ii. 346, 350 

Eumyrmicing,\. 41-2 

Euponera, see Brachyponera, melanaria, 
Mesoponera, sennaarensis 

Euponerine, 1. 129, 133 

Europa I., 1. 153 

Europe: once joined to America, 
Wal 20,804; antsy 6,75, 138, 141, 
144, 162, 430-1, 539, -i1. 87, 89, 
and see Palearctic ants; European 
invaders of other lands, i. 169; 
door-keepers, il. 288, 290; guests, 
i. 297, 301-2, 304, 306-8; har- 
vesters, il. 209 ff.; nests, 1. 25, 329, 
333-5, 337, 342-6, 351,.356, 
361-2, 364-5, 368-9, 371; slavers, 
il. 119-27, 130-47, 151; see also 
Andalusia, England, Finland, 
France, Portugal, Scandinavia, 
Switzerland 


S08, ete 
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Central and Western (Austria, 
Belgium, Bohemia, Germany, 


Rhine): ants, i. 6, 146, 191, 276, 

317, 535, li. 73, 151; harvesters, 

ll. 223; parasites, 1. 313 

Eastern (Adriatic, Balkans, 
Black Sea, Bosphorus, Bulgaria, 
Greece, Roumania): ants, i. 10, 165, 
BOCs 407 -Cnpedice Os, 155) 29%, 
233-53 harvesters, ii, 215, 221, 
229; nests, 1. 340-I, 351-2; Crete, 
Oe 

Eutermes, ii. 107, 363, 365, 376, 
384, 386-7, 389, 392, 394, 401, 
and see ceylonicus, lacustris, matan- 
kensis, monoceros, nasutus 

Eutetramorium, i. 153 

Executions, il. 23-5, 94-5 

EXNER, ON €ye, 1. II4-15, 21g 

Expeditions, i. 391-404 

exsanguis (Campanotus), i. 550 


| exsanguis (Dorymyrmex), i. 331, 338, 


240; 0. 100, Pl, I Vie 

exsecta (Formica), 1. 393, ll. 126, 
334, Figs. 31, 98; guests, 1. 286-7; 
hermaphrodites, i. 324-5; colonies, 
1. 430-2, 444; nests, 1. 365-6, 
369-70, 483; alliances, il. 2, 58, 
83; war, 11. 83-4 

exsectoides (Formica), 1. 298-9, 370, 
4502 

CXLENSISPINOSUS 
VIIIb 

Eyeless sight, see Romarns 

Eyes, compound, facetted, i. 30, 51, 
113-16, 219-30; and brain, i. 
T1o0-11;blimd Y, 1. 37; blind <4) 
i. 38; in various ants, i. 130-1, 144, 
ll. 294-5; see also Sight 

Eyes, simple, ocelli, i. 51-2, 231; and 
brain, i. I10, 113-14; in various 
ants, 1. 130-1, 526; see also Sight 


(Dolichoderus), Pl. 


FABRE: on moths, i. 202-3; on Osmia, 
ee) 
FABRICIUS, on Camponotus, 1. 127, 16% 


420 INDEX 


fallax (Camponotus), 1. 159, 342-3; 
419, ll. 290 

Fat-cells, 1. 95-6, 102 

femoratus (Camponotus), 1. 150, 519, 
il. 109 

fervens (Atta), i. 218, Fig. 114 

FIELDE (Adele): apparatus, 1. 386-7, 
390; on hearing of ants, i. 217-18; 
irrigation, 1. 490-1; life in nest, 
i. 450; longevity, 1. 12; nuptials, 
i. 416; odour and smell, 11. 25-58, 
95; starvation, 1. 233; effect of 
water, li. 97 

Fiji Is., see Oceania 

filicis (Azteca), 1. 256 

filiformis (Pseudomyrma), ii. 303 

fimbriatus (Dorylus), i. 194-5 

Finland, ants, ii. 151 

Fire-ant, American, see geminata 
(Solenopsis) 

FISCHER: on colour of butterflies, 
i. 17; on larve of bees, i. 421 

Flask-shaped organs, i. 117-19, 
218-19, Figs. 23, 25 

flavus (Arrhinotermes), \i. 377 

flavus (Lasius), 1. XXXvi, 216, 318, 454, 
497, ll. 83-4, 126-7, 280, Figs. 
8, 27-8, 90; nuptials, 1. 415-16; 
colonies, 1. 424; nests, 1. 334-6, 345, 
367-8, 476; guests, 1. 290, 297, 3045 
cattle, 1. 493-7, 503-5, ll. 63 

froricola (Monomorium), i. 167 

Fly, see Diptera 

fatens (Megaloponera), i. 215-16, 
WPeOly 4 On-2 

folicola (Camponotus), 1. 353 

Food: of cattle-rearers, i. 492 ff; 
of fungus-growers, ll. 241, 251, 
270-1; of harvesters, ii. 217-18, 
220-3; of Doryling, ii. 192, 3323 
of Formicoxenus, 1. 528-30; of 
Ponering, il. 300-1, 332; of Pseudo- 
myrma, il. 302; of guests, see 
Symphiles; dzta Q eats her eggs, 
il. 269-70; slavers cannot feed 
selves, 11. 132, 149; nor Pheidole, 


ii. 235; starvation, i. 234; feeding o 
others, see Brood, Regurgitation 

FOREL (Alexis), 1. XXXV 

roreEL (Auguste): life, travels, 1. xxiii 
vi, 394-401; arena, 1. 381- 2, 387 
390; Activité psychique, i. xliv n. 
Ameisen der Schweiz (1915), 1. 14€ 
Etats-Umis.de la Terre, io wgie 
Fourmis de la Suisse (1874, 1920) 
1. 112, 197-9, 275, 277, 328, 497 
530, 539, i. 1 i 330g 
331-2; Gehirn und Seele, il. 337 
383 ns Sensations des insectes, | 
200-2, 225, 229, li. 31 

Foreli (Eciton), identified with f 
Burchelli, i. 201% 

Foreli (Plagiolepis), 1. 169 

Foreli (Rogeria), ii. 88 

Forelius, i. 132, 151, 159; F. McCook 
iiatre 

Forelomyrmex, 1. 151, 161 

Formica, 1. 9, 144, 158, 393, 395-¢ 
399, lil. 390 n. parasitism an 
microgyny, 1. 35; guests, parasite 
1, 297, 299-301, 304, 307, 31: 
316, 527; and Membracids, i. 50% 
alliances, 11. 30; war, 11.) S45en 
nests, 1. 334, 344; senses, aomue 
21S, 221, 318; formic acid, i. 23’ 
ii. 66; memory, i. 246; broo 
1. 29, 129, 452-3; nuptials, 1. 41 
, transport, 1. 464-5, 467; see al 
argentata, aserva, Berthoudi, ciliat 
cinerea, cinereo-rufibarbis, consocian 
crinita, dacotensis, difficilis, exsect 
exsectoides, Formica (s.-g.), fuse 
fuscata, _fusco-cinerea, Zagat. 
glacialis, glebaria, incerta, integr 
lasioides, microgyna, munda, ne 
cinerea, neoclara, Neoformica, ne 
Lagates, neorufibarbis, nitidiventr 
obtusopilosa,  pallide-fulva, Pr 
Landei, picea, pratensis, pressilabr 
puberula, Raptiformica, rubesce 
rubicunda, rufa, rufibarbis, sa 
guinea, Schaufussi, Serviformi 
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specularis, subcenescens, subintegra, 
subnuda, subpolita, subsericea, trun- 
cicola 

Formica, 8.-g., 1. 192 

Formic acid, 1. 236-7, ii. 66 


Formicary, definition of, i. 329, 370 


Formicing, old sub-family, divided 
into Camponotine (Formicine) and 
Dolichoderine, i. 96, 128 

Formicine, new sub-family, Cam- 
ponotine: distinguished from Do/i- 
choderine, i. 96, 128, 134 n., 138; 
anatomy and classification, i. 65-6, 
81-2, 86, 134-5, 138, 143-5; poison 
apparatus, i. 69, 96-7, 99-102, 
ngse2 20, tt. 66, Hie. 21; smell, 
1; 202, 318-10; ‘fossil, i. 171; 
brood, i. 24, 26-7, 517; guests, 
i. 308; alliances, ii. 29; parabiosis, 
il. 107; no stridulation, i. 135, 215; 
food, il. 99 

Formicini, 1. 144 

Formicoxenus, 1. 141, 158, 367, 393, 
li. §8, 61, and see corsicus, nitidulus, 
Ravouxi 

Formosa, ants, i. 160 

FORSTER, on Formicoxenus nitidulus, 
IAG 26 

forte (Tetramorium), i. 395 

Bossi ants, 11, $53, 156, 170-3, 
il. 390 n. 

France: ants, 1.-6, 146, 395, 549, 
ii. 209 ff.; invaders, i. 168; nests, 
1. 345, 486 

SOLE (Polyrhachis), il. 284-5 

FREYER, on Lycznids, 1. 507-8 

FRIEDERICHS (Karl), on (Ccophyl/a, 
li. 281 


FROGGATT: on jumpers, il. 3123 
psyllids, 1. 505 

Froggattella, i. 157 , 

Front, frontal area, groove, ridges, 


i, 50-I, 130-1, 142, ii. 296 
fugax (Solenopsis), 1. 220, 302, 428, 
474, il. 82, 94, I10, 112-13 
Fulgorids, see Tettigometra 


421 
fuliginosus (Lasius); anatomy, i. 92, 
106-7, li. 84; sight, i. 224, 232; 


smell, 1. 198, 206-8; poison-odour, 
li. 68, 84-5; guests, i. 279-80, 
289-90, 297, 299; aphids, ii. 84; 
nests, 1. 364-9, 485; war, il. 84-5 

fulva (Aphenogaster), 233-4, 297, 
li. 29, 34, 36-44, 46-51, 53-6, 

| Fig. 7, and see picea 

| fulvescens (Pseudomyrma), ii. 108 

fulviceps (Eutermes), il. 107 

| fulvopilosus r. detritus (Camponotus), 
Pir iXc 


fulous (Dorylus), i. 88, 193-53 
f. juvenculus, i. 193 

Fungus: harmful to ants, 1. 261; 
symbiosis with ants, i. 346-7; 


fungus-growers, 1. 6-8, 142, il. 237 
ff., Figs. 115-18, 120-1, 123-7 

Funicles, 1. 52-3, 116, 119, 
193, ll. 54-7 

Surcata (Polyrhachis), ii. 284 

fusca (Formica), 1. 159, 396, 10275 
brain, 1. 112; smell, i. 198-9; 
sight, 1. 228-30; war, ll. 84, 9I, 
172-3; enslaved, il. 123, 126-7, 
E3558 150; uatyestine, 218; 
colonies, i. 418, 431-2; as slaves, 
with guests, i. 284-5, 298; as 
slaves, in war, il. 91; adoptions, 
i. 434-40; guests, 1. 273-7, 281, 
POL lO 7-8, AZOA5. DEO, 1 3375 
368, 474, 476-8; brood, 1. 26-8; 
plundered by Solenopsis, on Sa ae 7 
nematode, i. 316; in alliances, 
ii. 2-3, 9, 16; see also argentata, 
glacialis, glebaria, neocinerea, neo- 


190, 


clara,  neogagates,  neorufibarbis, 
rubescens, subenescens, subpolita, sub- 
sericea 


fuscata (Formica), i. 127-30 
fusco-cinerea (Formica), 1. 508 


gagates (Formica), 1. 394, 478 
GAIGE, and Forelomyrmex, i. 161 


422 


Galls of trees: nests in, 1. 358-61; as 
food, i. 460, il. 215 

Games, of ants; see Play 

Ganglia, ii. 323-4; of ants, 1. 79, 
107-11, 113, 238-9 

Gardens, 1. 519-25; 
parabiosis in, ll. 
Fungus-growers 

geminata (Solenopsis), American fire- 
ant; delO7, 25059 1As le Oyu tse 
2255 30030. Tafa, Me 224: 

Generation, and organs, il. 316-17, 
319-22; in ants, i. 67-70, 88-93, 
13122355 Figsad0,:00,519,0449 sce 
also Nuptials 

GERSTHCKER, on Doryling, 1. 139 

Gersteckeri (Polyrhachis), ii. 285 

Gesomyrmex, 1. 155 

GHESQUIERE, on ants and 
ll. 381-2 

Gigantiops, 1. 151, and see destructor 

Gizzard, i. 76-7, 80-8, Figs. 12, 14, 
16-17; of various ants, 1. 134-5, 
143-4 

Glacial Period: effects on fauna, 1. 3 f.; 
on ants, 1. 4 ff., 158-9, 163 

glacialis (Formica), 11. 127-8 

glacialis (Leptothorax), 1. 533 

Glands, ii. 320-2; of ants, 1. 78, 
236-8; accessory, 1. 105, Figs. 20-1; 
anal, see under Anus; mandibular, 
1. 79, 106, 346-7, 1. 282; maxillary, 
1. 79, 107; metathoracic, 1.~107; 
pharyngeal, i. 79, 106; poison, 
see Poison apparatus; salivary, 1. 48, 
TOG, 4217, Silke 1.92555 asa S0; on 
various organs, 1. 117-Ig 

glebaria (Formica), i. xxxvi, 169; 
enslaved, 1. 527, ll. 92-3, 121-6, 
131, 133-4, 136-40, 145-7; plun- 
dered by Solenopsis, il. 110, 112; 
nest, 1. 478; and Psecadia, i. 513; 
see also rubescens 

klobularia (Solenopsis), ii. 113 

GELDI: on fungus-growers, il. 260, 
265, 271; guests, i. 300-1; Lrido- 


Figs. 


109; see also 


termites, 


Vase 
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myrmex humilis, 1. 168; nests 
i. 349-50, 357; weavers, il. 281-2 


| Geldii (Camponotus), i. 349, 486, 48¢ 


Goniomma, s.-g. of Oxyopomyrmex 
i. 158, il. 209 

Gordiagini (Myrmoxenus), 1. 534 

coup (William), Rev.: Account 9 
English Ants, 1. 379; on harvesters 
ii. 209; nymphs, 3. 273saplag 
1. 468-9 

GOUNELLE, on Camponotus mus, il. 7% 

GRABER (Vitus), on photodermatic 
sense, 1. 227 

gracilicornis (Acantholepis), 1. 65 

gracilis (Pseudomyrma), i. 361% 

gracillimum (Monomorium), 1. 399 

graminicola (Myrmecina), ii. 58 

Granaries, see Harvesters 

Grandis (Dinoponera), i. 102 

Grasshopper, chordotonal organs, 1 
216 

GRASSI, on termites, ll. 355 n. 2, 400 

GREEN (E.E.): on Dorylus, ii. 1953 o1 
Homoptera, 1. 506; found Metapone 
li. 302 

Greenhouses, tropical ants in, i. 166 
168-9, 11. 65 

Greeni (Calotermes), 1. 379-80 

Greeni (Metapone), 1. 302 

Greenland, no ants, 1. 5, 158 

GRENACHER, On eye, 1. I14, 219 

Grotius, Utopia, 11. 350 

GUEINZIUs, on Pausside and ants 
1. 295-6 

GUENTHER, on ant-eating plant, i. 26: 

Guests, myrmecophiles, i. 264 ff. 

guineense (Tetramorium), i. 167 

gulosa (Myrmecia), ii. 88 


HACHET-SOUPLET, on heredity, ii. 38: 
Haddoni (Opisthopsis), ii. 308 
H@CKEL (Ernst): on cell, genesis 
1. xlii, 11. 317; monera, ii. 319 
hematodes (Odontomachus), i. 167 
Figs. 3E, 41 
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HAGENS (von): on mating of wingless 
G>» 1. 393 on parasitic ants, i. 535, 
539-49, 546 

Hagensia, 1. 152 

Hagioxenus, i. 141, 
SchmitZi, 1. 549 

Hairs, i. 73-5; tactile, i. 
209-10; see also 
Psammophores 

Halmamyrmecia, s.-g. of Myrmecia, 
see wigrocincta, pilosula 

hamatum (LEciton), i. 224, 403, 
ll. 196-200, 202, 204, Figs. 3B, 
108 

Hamitermes perplexus, ii. 382 


158, 543; H. 


I16-17, 


HANDLIRsCH (Anton), Die fossilen 
Insekten, on fossil ants, i. 171, 
ll. 390 n. 


Hannani (Camponotus), ii. 75 
Harpagoxenus, 1. 141, 158, and see 
americanus, sublevis 


harpax (Pachycondyla),i. 311, Fig. 39 | 


Harpegnathus, i. 45-6, 137, 150, 155, 
307, Ul. 312-13; HA. cruentatus, 
We aoa? 

Harvesting ants, granaries, 1. 
257.370, 205, 208-30 

HAUSER, experiments on smell, i. 200 

HAVILAND: on Carebara, il. 115; found 
Cremastogaster borneensis, 11. 306 

Hawaii, Sandwich Is., ants, i. 156, 167 

ifend, 61 40-53;7°7t, Pl. XJVizg, 1, 
Fags. 3, 6, 28, 30, 113, 136-7; and 
Peatay do 2A7-os~ Of 0,91; 32-35 
soldiers, 1. 34-5; doorkeepers, q.v.; 
Doryling, 1. 130; Rhagomyrmicine, 
i. 142, il. 296-7 

Hearing, 1. 119-20, 215-19, 232 

Heart, 1. 94-5 

HEATH, on termites, 11. 400 

Hedomyrma,s.-g. of Polyrhachis, orzata, 
PiXIitb. 

HEER (Oswald): Hausameise Madeiras, 
(on workers) i. 33, (on Pheidole 
megacephala) 1. 167, il. 218, 225; 
Insektenfauna der Tertiargebilde 


163, 


| 
| 
| 
| 


Macrochetes, | 


4.23 


von (Eningen und Radoboj, ii. 390 n.; 
Urwelt der Schweiz, ii. 390 n5; 
on fossil ants, i. 170-1; Brazilian 
ants, li. 331 

Heeri (Brachymyrmex), i. 169, 502 

HEGH (E.): Termites, ii. 116, 380-1; 
on Carebara, ii. 116 i 

HEINRICH, drawings, 1. 500, li. 59, 237 

Helvolus (Dorylus), ii. 194 

Hemioptica, s8.-g., 1. 155 

HENNING, on formic acid and orienta- 
SHOn, 15-237 

herculeanus (Camponotus), 1.159, 342, 
463, 485, ll. 53, 74, 290, and see 
Jallax, vagus 

Hereditary energy and memory, see 
Instinct 

HERING, On instinct, i. xlii, 185 

Hermaphroditism, 1. 88-90, 92-3, 
235; primary, abnormal, i. 320-6, 
543, Figs. 42-4 

HESIOD, on harvesters, 11. 208 

HEss, on sight of insects, 1. 225 

HETSCHKO: on Clavigerid guests, 1. 297; 
Eciton and Labidus, i. 139, ii. 200, 
202; Strumigenys saliens, ii. 314 

Heyeri (Acromyrmex), i. 273 

Heyeri (Monomorium), ii. 116 


| Heyeri (Tapinoma), 1. 116 


Hicks, on flask-shaped organs, 1. 117 

HILL (G. H.), on termites, 11. 382 

hippomanes x. ceylonensis (Polyrhachis), 
il. 285 

Histeride, beetles, relations 
ants, 1. 269, 298, 1. 20-1 

Hodotermes, ii. 383, 392-3 

Holcomyrmex, s.-g. of Monomorium, 
PetAL ell a0ns, Cit ZOO 21 G,829 15 
and see Chobauti, dentiger, Lameerei, 
scabriceps 

HOLLIDAY, Miss, on generative organs, 
1. 9O-T, 533 

HOLMGREN: Termitenstudien, ll. 390 0.5 
on mosses in ants’ nests, i. 261 

Hookeri ( Polyrhachis), i.75, Pl. XIIIb 


HORACE, on harvesters, il. 208 


with 
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HORNE, on harvesters, ll. 219 
Horni (Polyrhachis), Pl. XVa 
Horni (Termes), 1. 360 


hortus-deorum 


Houses, masonry, ants in, 1. 


(Myrmecocystus), 1. 
458-61, Fig. 80 

167-8, 
343, 347, 364-5 .. 

HUBER (Jakob), on A7zsini, 1. 265-72 
HUBER (Pierre): Recherches sur les 
maurs des fourmis indigenes, 1. XXXV, 
328, il. 110; apparatus, 1. 379; on 
aphids, i. 493-7, 503-5; brood, 
eggs, 1. 21, 27-9, 452-45 coloniza- 
HOD, i 418, 427, 430, 434, 4373 
females, i. 414; hearing, i OR 
social Hymenoptera, ily RIVES be 
guage, 1, 239, 241, 447-503 life in 
mest, 1.445; migrations, i, Aly 
nests and other works, 1. 328, 335, 
347, 369, 474-8, 483-5; play, 
i. 468-9; Polyergus rufescens, 1. 36, 
I. 132, 135, 1473 wal, U. 70, 75-0 
Huberi (Strongylognathus), i. 153-5, 
164, 173, and see afer, alpinus, 
Cecilie, Christophi 
Huberia, i. 9, 159, 503 
humilis (Iridomyrmex), 1. 
i105; 1180301. 302 
Hymenoptera, i. xliv-v, I; as guests, 
parasites, 1. 302, 311-13; Pl. IVb; 
see also Osmia, Tenthredo 
Hypoclinea, s.-g. of  Dolichoderus: 
Dorie x. extensispinosus, Pl. VIIIb; 
see also guadripunctatus 
Aypophylla (Azteca), i. 
il. 62 

Hypopygium, i. 70 
hystrix (Acromyrmex), identified with 
A. octospinosus, 1. 247 


168, 364, 


253, 371, 


Iceland, no ants, i. 5, 158, 164 
IHERING (von): on ant-balls, ii. 97; 
Azteca Muelleri, i. 252, 427; 
fungus-growing A/tini, ii. 263-5; 
nuptials, 1. 414-15 

Theringi (Leptogenys), i. 65, Pl. UId-e 
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irc (Alfred): on ants and termite 
ii. 100-1, 299; Megaloponera fatter 
li. IOI 

Ilgi (Ophthalmopone), 11. 100-1 

Imbauba ant, see Mue/leri (Azteca) 

imberbiculus (Pogonomyrmex), ii. 227 

imitator (Camponotus), 11. 106, Pl. I\ 

IMMs, on termites, li. 355 n. 2, 3861 
392, 400 and n. 

imparis (Prenolepis), 1. 461% 

incerta (Formica), 1. 291, 
127-8, 149 

India: ants, i. 46, 
154-5, 157-8, 168, 263;meag 
462, $46, i. IIS, 117-1 
312; Doryline, wars and migt 
tions, 11. 179, 195; guests, 1. 29 
303-5; Lycenids, i. 507, 509-1 
nests, 1. 346, 357; 1 (27 youeo ae 
ants and termites, il. 101-2, 38 
ants and plants, 1. 251, 25 
harvesters, il. 209, 2TO} meee 
Assam, 1. 154; Himalayas, i. 15 
ll. 304, (termites) 386 

indicum (Monomorium), 1. 546 

Indo-China: ants, 1. 149, 153-5, 4€ 
il. 207, 281; termites, 1m 364 

Indo-Malayan ants, i. 149, 15 
154-6, 168, ll. 207; in amb 
1. 172; see also Andaman, Moluc 
Nicobar, Sunda Is. 

inflata (Camponotus), i. 461 

inflata (Cremastogaster), i. 461, il. 3 

inguilina (Pheidole), i. 548 

instabilis (Azteca), i. 402-3 

instabilis (Pheidole), i. 312 

Instinct, hereditary energy and me 
ory (mneme): general, i. xli- 
13, 15, 17, 182-3, 185, il. 4a6e 
319-21, 324-8, 335, 337-8, 382 
modification from outside, i. - 
social, ii. 3445 in ants, i. 10, ¥ 
182-5, 242-4, 02.7) 258 
275» 335» 337- -8; limitations, ii 1a 
in termites, ii, 382 ff. in gue 
1. 266 


432, 


136, 139, 14 
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integra (Formica), i. 
489, 506 

Intelligence, see Reason 

Intestines, 1. 79-88 

Iridomyrmex, 1. 85, 132, 157, ii. 67, 
and see analis, conifer, detectus, 
humilis, Myrmecodia, nitidus, san- 
Luineus, viridienea 

Irmgarde (Acromyrmex), ii. 260 

Irrigation, 1. 490-1 

irritabilis v. Winkleri (Camponotus) 
inh 22-3 

Ischnomyrmex, i. 306 

Italy: ants, 1. 394-5, il. 124; parabiosis, 
il. 106; use of ants against pests, 


1. 259 


368, 431-2, 


JacoBson: on Cremastogaster and guest, 
Pesos; Ness. 1 96%, 357-8, 1283, 
286; Pheidologeton, 1. 33, 310-11, 
oe FI 

Facobsoni (Polyrhachis), 1. 367, i. 285 

JANET: apparatus, i. 384-90; on 
anatomy, i. 55, 60, 62, 87, 94-5, 
105-7, 119, 235; Anergates, i. 539, 
541; brood, 1. 421, 428, 450-1; 
colonies, i. 418, 425, 427; granaries, 
il. 223; guests and parasites, 1. 264, 
313, 316; ontogeny of insects, 
Pel? 3 

janitor (Camponotus), Pl. X1Ve-g 

Japan: ants, 1. 149, 154, ll. 124, 150; 
use of ants against beetles, i. 259 

japonicus (Termopsis), ii. 390 n. 

Java, see Sunda Is. 

Jaw, 1. 47-8 

yervon: on Dorylus, i. 
vesters, il. 209, 224 

Ferdoni (Polyrhachis), il. 281, 283-4 

joun (Oscar), on termites, ii. 370 

JOHNSTON, on Johnstonian organ, i. 120 

Johnstonian organ, i. 120, 218-19 

Fouberti (Plagiolepis), i. 461 

Funodi (Carebara), ii. 116 

yurine, on Labidus, i. 138 

juvenculus (Dorylus), ii. 193 


har- 


£395 
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KAMMERER (Paul), on salamanders, 


7 


| KARAWAIEW, on weavers, ii. 284 
| KELLER, nest of Cremastogaster, i. 358 


Kerguelen, no ants, i. 160, ii. 330 

KIRBY (William), on ants and Paus- 
side, 1. 296 

Kitteli (Leptogenys), ii. 102 


| KLAATSCH, on pithecanthrope of Java, 


ll. 340 

KOCHER, grafting of thyroid gland, i. 18 

KOHL, Father: artificial nest, i. 384; 
nest of Tetramorium, i. 352; Sant- 
schiella Kohli, i. 309; on guests, 
parasites, i. 264, 544 

Kohli (Anergatides), \. 543-4 

Kohli (Santschiella), ii. 309 

‘Kohlrabi,’ i1. 245 ff. 

KRAUSSE, On carton nests, 1. 486 

Kraussi (Proformica), 1. 400 

Krueperi (Oxyopomyrmex), 1. 340, 
il. 229 

Kuenckeli 
ll. 303 

KUTTER (Heinrich): Gehe hin zur 
Ameise, i. 388-9; apparatus, i. 384, 
388-90; on Strongylognathus, ii. 
157-73 

Kutteri (Myrmecina), 1. 394 


(Pseudomyrma), i. 345, 


Labidus, s.-g. of Eciton, i. 138-40, 
and see Burchelli, predator 
Lace-wing, see Ant-lion 


lacustris (Eutermes), ii. 368-70, 374, 


387 . * 
levigata (Atta), i. 403, ll, 240, 
245-6, 292 


levigatus (Camponotus), 1. 342 

levinodis (Myrmica), i. xxxvi, 513, 
513, ll. 74, 89, Fig. 5 

Lallemandi (Azteca), i. 402 

LAMEERE, on harvesters, li. 230 

Lameerei (Monomorium), 1. 399-400, 
il. 230-1 

Lamella, i. 55 

lamia (Pheidole), ii. 114, 306, Fig. 3D 


rr 
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Landolti (Acromyrmex), 1. 331 

LANGE (Friedrich A.), Geschichte des 
Matertalismus, 1. 347-8 

Language: and plastic activity of man, 
i. 185; in ants, 1. 239-42, 244, 11.188 

Larve, i. 23-6, 94, 123-4; of various 
Ants) ge l2Q,m Use e134 4 O35, 
il. 298; feeding of, 1. 24, 129, 134, 
420-2, 515-17, ll. 298,-300; used 
in weaving, q.v.; see also Brood 

lasioides (Formica), i. 29, 41-2 

Lasius, i. 8-9, 144, 158, 393, 395-7> 
is) 84) 12, 120, 334seanatomy, 
i. 58, 122-3; brood, 1. 24, 443, 450, 
452% smell, 4 T99;7 38S, 1405; 
poison-odour, i. 237, i. 66, 68; 
guests, parasites, 1. 299-300, 304, 
Bi 30s LOne RESss ds bt Ade GOH 
coccids, si. 5025) colonies, i= 4.18; 
nuptials, i. 415; see also Acan- 
thomyops, affinis, alieno-brunneus, 
alienus, americanus, bicornis, brevi- 
cornis, brunneus, carniolicus, clavi- 
ger,  Dendrolasius, emarginatus, 
flavus, fuliginosus, latipes, mixtus, 
Murphii, myops, niger, umbratus 

lateralis (Camponotus), 1. 5-6, 343, 
362, 394, 11. 105-6, Fig. rooA, D 

latipes (Lasius), 1. 61, 469-70, i. 
29-30, 40-1, 43, 51, Fig. 86 

LATREILLE: on Camponotus, 1. 1273 
Eciton, 1. 138 

latro (Solenopsis), il. 114 

Laure (Leptothorax), \. 341, 399 

Laure (Sifolinia), i. 534 

LEACH, on Doryling, i. 138 

Leaf-cutting, ll. 237-41 

League of Nations, ii. 347 ff. 

LEFROY (Maxwell), ludian Insect Life, 
on ants and termites, ii. 380 

Leg, i. 54-6, 60-4, 473, Fig. 8; 
agility, In, S War, 1:9 105, 8-3 kOst2; 
jumping, 11. 312-15; Rhagomyrmi- 
cine, 1. 142, il. 294 

legionis (Eciton), ii. 196-7 

LEININGER, On Irrigation, 1. 490-1 


LEPELETIER DE ST. FARGEAU: On 
colonies, i. 426-7; Doryline, 1. 1- 
mine ce as guests and catt 
306; pain, 1. 212° smell, ieaae 
Peet, 1. I7;-sight, 1.222330 
also Lycenids, Psecadia, Saturni: 
Leptanilla, i. 130-1, 139, 158, no 2¢ 
L. minuscula, 1. 59; L. Revelier 
Fig. rogB-C 
Leptanillini, 1. 179, 207 
Leptogenyini, 1. 137, 250 


_ Leptogenys, 1. 45, 410, 464, 47 


li. gg, and see aspera, Binghan 
birmana, bismarckensis, chinens 
diminuta, elongata, Iheringi, Kitte 
Lobopelta, processionalis 

Leptomyrmex, 1. 157; L. varians, 
461 

Leptosporium myrmecophilum, symbic 
with Lasius, 1. 346-7 

Leptothorax, 1. 142, 393, 396, 3¢ 
brood, i. 24, 516; colonies, i. 42 
guests, 1. 290; nests, 1. 34g 0mae 
365, 485; parabiosis, 11. 107; 
slaves, 11. 151; transport, 1. 464; : 
also acervorum, affinis, angustul 
Antigoni, Bugnioni, convexus, cor 
calis, curvispinosus, Delaparti, Em 
soni, glacialis, Laure, longispinos 
luteus, muscorum, Mychothorax, nig 
nigrita, orantensis, recedens, Rott. 
bergi, Schwabi, serviculus, Tem 
thorax, Trabutii, tuberum 

LESPES, on termites, 11. 400 

Lestobiosis, 1. 24, 35, il. 110-17 

Leucotermes lucifugus, ii. 400 

LEYDIG: jon) brainy ake ynseeellis 
cuticula, 1. 78 

LICHTENSTERN, modification of s 
it 

lignata (Carebara), ii. 115 

ligniperdus (Camponotus):  gizza 
etc., 1..82-4; Figs. 14, 16; sm 
i. 198, 200, 203-4; sight, i. 2 
formic acid, i. 237; guests, i. 2 
nest, 1. 343; colonies, i. 419- 


INDEX 


odour and friendship, ii. 58; war, 
li. 80-1, 84, 133 
Liliane (Polyrhachis), ii. 285 
Lilljeborgi (Termes), ii. 393 
limata (Cremastogaster), 1. 520, 
see parabiotica 
LIncEcuM (Gideon), on_ harvesters, 
1. 257, ll. 227-8 


LINDNER, on nest of Lasius flavus, 1.335 | 


234, | 


lineolata (Cremastogaster), 1. 
297, ll. 29-30, 40-4 
LINN#us: Classification, i. 125; on 


Camponotus, 1.127; Doryline, i. 138 

Liometopum, ii. 67, and see micro- 
cephalum 

Liomyrmex, i. 155 

LIPSCHUETZ, modification of sex, 1. 
325 

lobicornis (Myrmica), 1. 534 


and | 


ey | 


Lobopelta, s.-g. of Leptogemys, 1. 36-7, | 


427 


antennal language, i. 241; coloniza- 
tion, i. 418; hearing of insects, 
1. 216; social Hymenoptera, i. 183; 
longevity of ants, ii. 12; sight of 
bees, wasps, i. 225; of ants, tients 
ants and ultra-violet rays, 1. 227, 229 
Lucasi (Catag glyphis), ils DAW 
lucidus ( Polyergus), ii. 149-50 
lucifugus (Leucotermes), ii. 400 
LUND, on Tef¢tigometra, 1. 506 
Lundi (Acromyrmex), i. 306, ii. 
265, 268, 273-6 


249, 


| /uteus (Leptothorax), 1. 395 


Lycenids, as cattle, i. 306, 507-13, 
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mccook: Agricultural Ant of Texas, 
ii. 228; on colonies, i. 418; har- 
vesters, 1. 257, ll. 227-8; Myrmica, 
TCAs emests, wien 37.02 nlumses,: aie 
458-60; wars of fertilized 9, 1. 427 
McCooki (Forelius), i. 118 


| MACH, on sensomotility, 1. 186 


ll. 99, IOI, 299-300, and see 
aspera, Binghami, birmana, bis- | 
marckensis, chinensis,  diminuta, 
elongata, Iheringi, Kitteli, proces- 
stonalis 

Locust, hearing, i. 216 

Lomechusa, beetle, Figs. 34-5; as 


guest, 1. 273, 275-6, 279-90, ll. 126; 
and Dinarda, i. 277 

longiceps 1. condincola (Azteca), 
256 

longiceps (Pheidole), ii. 224-5 

Longicornis (Prenolepis), i. 166-7, 
300, 305, 364, 1. 65, 118, 311 

longipenne (Diplomorium), ii. 115 

longipes (Plagiolepis), 1. 168, i. 118, 
311, 361-2 

longispinosus (Leptothorax), 1. 441-2, 
il. 152 

Lophomyrmex, 1. 155 

Lordomyrma, \. 157 

Loriai (Aphenogaster), Pl. IIc 

Lou (Solenopsis), i. 417 

LOWNE, on jumpers, ll. 312 

LUBBOCK: artificial nests, 1. 383-4, 388; 
chordotonal organ, i. 119, 216; on 


| Macheromyrma (Cataglyphis), 


silver 
desert ant, i. 34, 44-5, 144, 1. 98, 
and see bombycina 

Machomyrma, 1. 157 

MCINDOO, on antennz and smell, 1i. 56 

Macrochetes, 1. §3, 480-3 

Macromischa, 1. 152 

Madagascar: ants, 1. 149, 153, 155, 
ii. 106, 117; guests, 1. 296; nests, 
i. 346, 354-6; Proponerine, i. 1-2, 
136 

Madeira, ants, 1. 167-8 

MERKEL, on guests, 1. 264 

METERLINCK, on nuptials of bee, 
i. 410-1 

MAGOWAN, on ants protecting oranges, 
li. 333-4 

Malaya, see Indo-Malayan ants 

Malgache (Mystrium), 1. 154 

Malpighian vessels, 1 i. 87-8 

ee enemies of ants, i. 34, 

i. 98, 192; attacked by Anomma, 

ii. 186, 189 
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Man, history of, il. 339 ff. 

Mandibles, i. 43-7, 122, 237-8, 
472-3, ll. 65-6; of parasitic ants, 
i. 35, 5373 of various ants, 1. 33-4, 
130-2) 207, 

mandibularis r. aureorufa (Myrmecia), 
Pl. Ib 

mandibularis (Pristomyrmex), 1. 7% 

mann, (W. M.): found Gigantiops 
nest, ii. 314-15; on parabiosis, 
il. 108-9; wars, 11. 88 

Manna, Biblical, excrement of plant 
licey 15/502 

Marie (Aphenogaster), 1. 432 

MARSHALL: on Dorylus, li. 194; reason 
in insects, 1. 205-6 

Marthe (Acromyrmex), i. 260 

Masonry of ants, 1. 25, 474-80 

massiliensis (Camponotus), 1. 395 

Mastotermes, i. 383, 390 n3 M. 
anglicus, Batheri, bournemouthensis, 


croaticus, darwinensis, il. 390 n. 
matangensis (Eutermes), i. 364-5, 
368, 374 


Mathilde (Azteca), 1. 350-1 

Mating, see Nuptials 

mauritanicaus (Cataglyphis),1.293, 397 

Mauritius, ants, 1. 153 

Mayi (Odontomachus), ii. 108-9 

Mayr (Gustav): Ameisen des baltischen 
Bernsteins, on fossil ants, i. 171; on 
Camponotus, 1. 127; Doryline, i. 
139; Formicoxenus nitid., 1. 525; 
Iridomyrmex hum., \. 168; jumpers, 
il. 314; Lasius, i. 8; Strumigenys 
and Daceton, ii. 297 

Mayri v. discrepans (Apterostigma), 
i. 255 

Mayri (Polyrhachis), ii. 285 

Mayriella, i. 157 

MECKEL, on glands, i. 104 

Mediterranean ants, 1. 149, 152, 154, 
157-8, 160 

megacephala (Pheidole), 1. 167-8, 
295, ll. 218, 307; r. melancholica, 


1. 544 
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megalocola (Cataglyphis), 1. 
299, 397, Fig. 368 

Megalomyrmex, 1. 150-1 

Megaloponera or Megaponera, 1. 61 
137, 152, il. 299, and see fetens 

MEINERT: glandula verticis, 1. 42 
Harpagoxenus, il. 151 

melanarctos (Echinopla), 1. 73 

melanaria (Euponera), 1.155 

melancholica ( Pheidole), 1. 544 

melanocephalum (Tapinoma), i. 167 

MELDAHL, apparatus, 1. 388-90 

Melissotarsus, 1. 63, 141, 152, ll. 31 
M. Beccarii,1. 471 

melliger (Myrmecocystus), 1. 458-9, 4€ 

Melophorus, 1. 9, 143, 151, 159-6 
461, ll. 291; Wheeleri, Pl. XVIb 

Membracids, as cattle, i. 506, il. 108 

Memory, hereditary (mneme), 
Instinct 

Memory, individual, i. 242, 244- 
of defeat, i. 93; of directio 
1. 212-14, 232, 11. 140; of odour 
1. 205, and see Odour 

Meranoplini, 1. 142 

Meranoplus, ii. 312; M. dimidiatn 
ii 224. 

meridionalis (Bothriomyrmex), 1. 39 
396; 431, 434, ll. 68, Pigs. 125022 

meridionalis (Messor), i. 341, il. 85- 
231-5 

Mermitergates, 1. 315, Figs. 40-1 

Mesocamponotine, 1. 143 

Mesonotum, i. 54-5, 60 

Mesoponera, s.-g. of Euponera, i. 16 
M. melanaria, i155 

Mesosternum, 1. 55 

Messor, i. 41, 158, 396, 401, il. II 
anatomy, i: 33, 237, it. Gg jaed 
235-6, 2913 guests, 1. 293-4, 2g 
395; colonies, i. 418; nests, i. 48 
harvesting, li. 209-16, 220-3; s 
also egyptiacus, arenarius, barbar 
capitalis, caviceps, denticornis, me 
dionalis, (CErtzeni,  Pergand 
Striaticeps, structor 


2g91-: 


INDEX 


Metanotum, 1. 55-7, 130-1 

Metapone, 1.135, 137, 155; M. Greeni, 
ll. 302 

Metaponini, i. 302 

Metasternum, i. 56 

Mexico: ants, 1. 151, 159, il. 106, 
II4, 205; invaders, i. 168; nests, 
fe g40, 470;. ‘Murses,- 457,461; 
use of ants as torture, ll. 229 | 

micans (Myrmosericus), i. 399 

microcephalum (Liometopum), i. 


395, 486 


351, 


microcgyna (Formica), i. 36, 432 


Microgyny, 1. 35-6, 4 ae 3 
Migrations: ee al and historical, 
1. 163-93 local, i. 463-7 


Millipedes, woodlicé, as guests, 1. 265, 
308 

Mimicry, i. 148, 338, ii. 62, 106, 
3155 by door- keepers, ii. 288-91; 
in nests, 1. 341, 357,11.62; by guests, 
i. 266-8, 280, 300-2, 304, 307 

Minimum (Monomorium), i. 548 

Mining, i. 474, and see Paths and 
tunnels 

minor (Azteca), i. 255 

minor (Camponotus), 1. 399 

minuscula (Leptanilla), 
109A 

minutula (Pheidole), 1. 255 

minutum (Monomorium), i. 395 

minutus (Cyphomyrmex), 1. 262 

mirabilis (Camponotus), 1. 253, Fig. 30 

Mites: as guests, i. 265, 307-8, 
Fig. 38; as parasites, 1. 312-13 
Leptanilla hunt, ii. 207 

mixtus (Lasius), 1. 307-8, 312, 432, 
Figs. 37-8 

mjeBerc: Myrmecia, i. 161, ii. 308; 
on Opisthopsis, 11. 308 

Mjebergia (Myrmecia), 1. 46, tt. 308-9 

MCELLER (Alfred): Pi/zgarten einiger 
stidamerikanischen Ameisen, il. 24.7; 
on fungus-growers, i. 8, 151, 
ii. 238, 242, 245-59, 261- -2, 270, 


soxFig. | 


272; Acanthognathus, 1. 45, ll. 314 
FF2 
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Melleri (Acromyrmex), ii. 247, 249, 
251-2; identified with Ata LV, 
We 247 


Melleri (Apterostigma), ii. PSs 


| Mellerius, s. -g. of Acromyrmex, ii. 262, 


and see Heyeri, Lanaolti, Seen 
versicolor 

MoGGRIDGE (J. T.): Harvesting Ants 
and Trap-door Spiders, ii. 209; on 
harvesters, 1. 141, ii. 209-22, 233-5 


_ molefaciens (Pogonomyrmex), agricul- 


Mita Gant, 1.257, ll. 


227-9, Figs. 1B, 7A 


305, 118, 


| molesta (Solenopsis), Ui. 007, 
| Molucca Is., ants, i. 149, 155 


Monacis, s.-g. of Dolichoderus, i. 67; 
and see dispinosus, debilis, para- 
biotica, rufescens 

monilocornis (Xenometra), i 1. 549 

monoceros (Eutermes), ii. 363-4, 369 n. 


3795293932 399 


Monomorium, i. 9, 141, 158-60, 396, 


ll. 107, 113, and see Chane, 
creticum,  decamerum,  dentiger, 
destructor, floricola, gracillimum, 
Heyeri,  Holcomyrmex, indicum, 
Lameeret, MINIMUT , MINULUmn , 
Pharaonis, Salomonis, scabriceps, 


subnitidum, termitobium, venustum 

Monstrosities, other than hermaphro- 
dites, i. 326-7 

Montezumia (Cremastogaster), i. 461, 
iis ZOs 

MORDWILKO, on aphids, i. 498, 501, 505 

Moss, harmful to ants, 1. 261 

Moth, see Lepidoptera 

Mouth, i. 47-50, 53, 109, 123, Fig. 4 

MRAZEK, on Strongylognathus testaceus, 
i. 442, 536 

MUELLER (Fritz): on Imbauba ant, 
1. 252; on termites, 11. 400 - 

MUELLER (Johannes), on mosaic sight, 
i Wiley, ORIG Be i 

MUELLER (P. W.), on guests, i. 264 

MUELLER (W.), on Lcitox and Labidus, 
1. 139, 467, li. 200-2 
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Muelleri (Azteca), 1. 252, 255, 320-1, | 


352, 427, Fig. 42 

Muelleri (Polyrhachis), i. 284 

multicella (Polyrhachis), i. 285 

multinida (Azteca), 1. 349, 371 

munda (Formica), \. 127 

Murphii (Lasius), 1. 401% 

mus (Camponotus), i.75 ° 

Muscles: general, ii. 320-3; -of ants, 
i. 120-3, 237-8; Figs. 27-8; arid 
nerves, i. 108; muscular sensation, 
see Senso-motility; of crop, 1. 80; 
generative organs, i. 93; gizzard, 
1. 81,483, 8527; heart, a. 053) ane 
testines, i. 88; mandibles, 1. 47; 
peritoneum, 1. 96; pharynx, 1. 47; 
poison apparatus, 1. 98, 100, 102-3 

muscorum (Leptothorax), 1. 345, 441, 
ie LS a-2 

mutica (Myrmica), i. 409, 530-1 

Mutillids, 1515.37, 679.0711 309a 30 

Mycetomyrmicing, \. 142 

Mycetosoritis, 1. 263 

Mychothorax, s.-g. of Leptothorax, see 
acervorum 

Mycocepurus, il. 239, 
Smithit, i. 260-1 

Myopopone, 1. 150, 155 

myops (Lasius), 1. 394, 396 

Myrma, s.-g. of Polyrhachis, Horni, 
Peeve 

Myrmamblys, s.-g. of Camponotus, 
1. 343, ll. 290-1, and see quadriceps 

Myrmetia,, tv dbs 123,08036, - 160, 
167, LOl, il. 88,460, 472-13; end 
see aberrans, gulosa, Halmamyrmecia, 
mandibularis 1. aureorufa, Mjz- 
bergia, nigrocincta, pilosula, Pristo- 
myrmecia, pyriformis, sanguinea 

Myrmecina, ii. 61, 63, and see grami- 
nicola, Kutteri 

Myrmecochores, i. 257-8 

Myrmecocystus, 1. 144, 159, 502, and 
see hortus-deorum, melliger 

Myrmecodie (Iridomyrmex), i. 251 

Myrmecophila, as guests, i. 304-5 


263-4; M. 
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Myrmecophiles, see Guests 

Myrmelachista, i. 151, 153; M. Ule 
i. 256 

Myrmepomis, s.-g. of Camponotus, s 
fulvopilosus x. detritus, sericer 
ventris Y. rex 


| Myrmhopla, s.-g. of Polyrhachis, si 


dives, pressa, simplex, spinigera 


| Myrmica, red ant, 1. 9, 141, 158, 39 


396, il. 99, 112, 390 Te Figgas 
32; anatomy, 1.947, 57,205eme 
107; smell, i. 201, 318-19; odou 
i. 237; memory, 1. 246; broo 
i. 120, 4523 guests, 1. ‘LOsyenaes 
304; nests and works, i. 334, 33 
344-5, 369; colonies, 1. 418; wa 
ii. 84, 118; see also alpina, bret 
nodis, canadensis, levinodis, lol 
cornis, mutica, myrmicoxena, Ne 
myrma, rubida, rubra, ruginod. 
scabrinodis, sulcinodis 
Myrmicaria, 1. 141%, 152, and § 
arachnoides 
Myrmicing, 1. 134-5, 141-3, 152- 
466; anatomy, i. 81, 138-9, 14 
ll. 295; poison apparatus, i. 9 
il. 66-7; psammophores, i. 48 
stridulation, i. 216, 218; pal 
sitism, 1. 524; parabiosis, ii. Ie 
107; guests, 1. 308; alliances, ii. 2 
smell, i. 202, 318; brood) ise 
26, 516-17; nests, 1. 340; 5 fou 
li. 993 fossil, 1. 171 
Myrmicocrypta, i. 239, 260 
Myrmicorhynchus, i. 157 
myrmicoxena (Myrmica), i. 3¢ 


5345 

Myrmobrachys, s.-g. of Camponotus, 
66-7, 281, and see mus, planatus, 2 

Myrmomalis, s.-g. of Camponotus, 
mirabilis 

Myrmophyma, s.-g. of Camponotus, | 
inflata, quadrisectus 

Myrmopsamma, s.-g. of Camponot 
see cumeiscapus, exsanguis, mystace 
simulans 
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Myrmorhachis, s.-g. of Camponotus, 
Am aae| 

Myrmosericus micans, i. 399 

Myrmosphincta, s.-g. of Camponotus: 
Solicola, i. 353; imitator, Pl. Vh 

Myrmotarsus, sg. of Camponotus, 
i. 63; irritabilis v. Winkleri, 
1. 522-3 

Myrmoteras, i. 44, 135, 143, 154; 
Binghami, P|. VI1Ic 

Myrmothrix, s.-g. of Camponotus, 1. 63, 
and see femoratus, Hannani 

Myrmoturba, s.-g. of Camponotus, ii. 
291, and see ethiops, Atii, Atlantis, 
erigens, stercorarius, thoracica v. 
minor and oasium 

Myrmoxenus, i. 141, 158; M. Gordia- 
Simi, 1. 534 

mystaceus (Camponotus), i. 
v. exsanguis, i. 550 

mystes (Xenohybema), i. 549 

Mostriag, wit; 40,130, 151, 153, 
ll. 300, and see Camille, Malgache, 
Rogeri, Valtzkowi 


482-3; 


NasoNnoy: on Lasius, 1. 122-3; muscles, 
15249 

nasuta (Neoformica), i. 395 

nasutus (Eutermes), i. 363 

natalensis (Termes), il. 115 

Nearctic ants, 1. 149, 158-9; in amber, 
i 672 

NEGER, on harvesters, il. 213, 221-3, 
235 

Nematodes, i. 314-16, Fig. 40 

neocinerea (Formica), il. 127-8, 148 

neoclara (Formica), il. 127-8 

Neoformica, sg. of Formica, see 
fuscata, incerta, nitidiventris, pal- 
lide-fulva, Schaufussi 

neogagates (Formica), ii. 127-8. 

Neomyrma, s.-g. of Myrmica, see 
mutica, rubida 

Neoponera, 1. 150, li. 88, and see 
apicalis, stipitum 

neorupbarbis (Formica), il. 127-8 
Hi 
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Neotropical ants, i. 149-52, 156, 
159-60; in amber, i. 172; specializa- 
tion, 1. 163-4 

Nepenthes plant, eats ants, i. 261 

Nerves, i. 107-13, 238-9; central 
chain, 1. 56; dolorific, 1. 211-12; 
optic, i. 116; of poison apparatus, 
i, To2;: smell, 1.116; tactile, i. 
209-10; in various organs, i. 117-18, 
120 

Nests, i. 24-5, 328 ff., 393-8, 400, 
AOZ=2, ACOn ATA St. 0 6b, Pls: 
V-VII, Figs. 45-67, 88, ro1-2, 
III-12; artificial, 1. 379-90, 419, 
Figs. 68-70; in desert, i. 163; of 
ants and parasitic ants, 1. 525 ff.; 
mixed, il. 12-13, 25; parabiosis, 
ll. 104-8; lestobiosis, ii. II1I-12; 
cleptobiosis, ii. 117; of Ponerine, 
il. 299; of ‘nurses,’ i. 460; see also 
Fungus-growers, Harvesting ants, 
Weaving ants 

Neurocymes, i. 122, 184, il. 337 

Neuro-electron, i. 184 

Neurones, ii. 322-3, 337 

Neuroptera, i. xlv 


New Athos convent, ants, i. 10, 
1. £5 5 

New Britain, see Oceania (Bismarck 
Archip.) 


New Caledonia, see Oceania 

New Guinea, see Papua 

New Zealand: old connection with 
S. America, i. 148; ants, i. 8-9, 
149, 159-60; coccids, 1. 503 

Niagara Falls, nests, 1. 25, 336 

nictvitt—E (de), on Lycenids, i. 
507-10 

Nicobar Is., ants, 1. 154 

niger (Acromyrmex), il. 247-8, 254 

niger (Lasius), 1. 159, 169, 258, 318, 

396, ii. 83, 126-7, Fig. 6; senses, 

i 1200, 6200, 231-2; nests and 

works, i. 334-5, 366, 369, 474-6, 

488, 491, 499-500, ll. 2233 cattle, 

1. 4932 499-500, 505, 507, 5133 
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nuptials, i. 414-16; colonies, 1. 428, 
432; guests, 1. 290, 299, 304; see 
also americanus 


niger (Leptothorax), 1. 395 


nigerrimum (Tapinoma), 1. 506-7, 
ii. 87-8, Fig. 72 

nigra (Cardiocondyla), i. 408 

nigricans (Dorylus), 1. 140, 300, 


itg2, Fig. ro7 A, C-D 

nigrita (Leptothorax), i. 396-7 

nigrocincta (Myrmecia), i. 312-13 

nigrocincta (Pseudomyrma), 1. 255 

nitens (Prenolepis), 1. 396 

nitidiventris (Formica), ii. 
To se) 

nitidulus (Formicoxenus), 1. 40, 371, 
408, 469, 525-30, Pl. III h-i 

nitidus (Iridomyrmex), 1. 506 

Nomadism, in Doryling, 1. 
140-1, 362, il. 179 ff. 

North Cape, ants, 1. 5, 158, 162, 164 

nossindambo (Aeromyrma), il, 116-17 

Notomyrmex, 1, 503 

Notoncus, 1. 157 

Noualhieri (Phacota), 1. 534 

Novomessor, 1. 401, ll. 226, 306, and 
see Cockerelli 

Nuptials, mating, i. 22, 39, 405-18, 
il. 50-1, Fig. 71, and see Generation 

Nurses,” 12 315% 70;0102-3.4 457-02, 
Figs. 80-2 | 

NYLANDER: discovered a race, 1. 
on Formicoxenus nitid., 1. 525 

Nylanderia, s.-g. of Prenolepis, see 
longicornis 

Nymph, i. 26-9, 123, 129-31, 133-4, 
Fig. 2; and see Brood 


127-9, 


Vik 


126; 


oasium (Camponotus), 1. 399 

obscuriceps (Termes), ii. 355, 359 

obtusopilosa (Formica), ii. 127-8 

obtusopilosa (Pheidole), ii. 88 

occidentalis (Pogonomyrmex), ii. 118, 
227 

Occiput, 1. 52-3 
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Oceania, ants, 1. 149, 156,008 
Bismarck Archip., i. 155,029. 
ii. 284-5; Fiji, 2. 156, 160 
Caledonia, 1. 149, 156, “106,%@ 
290; Solomon Is., 1. 156, 160 

ocellatus (Acanthognathus), 1. 297 

Ocelli, see Eyes (simple) 

Ochetomyrmex, 1. 15% 

octoarticulatus (Allomerus), 1. 255 

octospinosus (Acromyrmex), 1. 364 
489, ll. 249, 259-50, 262, Fig. 3G 
identified with 4. hystrix, 11. 247 

oculata (Parapheidole), 1. 548 

Ocymyrmex, 1. 153 

Odontomachine, 1. 65 

Odontomachini, 1. 44, 128, 137, 1 
300 

Odontomachus, Yak ant, 1.44, 1. 8¢ 
300, 313-14, and see affinis | 
Mayi, clarus, hematodes 

Odontoponera, 1. 155 

Odour: and friendship, i. 285, 29 
ii. 25 f., 60; for offence iaascm 
il. 68, and see under Anus; ¢ 
guests, 1. 270, 277, 280, 287-9, an 
see Trichomes; Tapinoma odour 1 
other ants, 1. 143, 236-7, 340m 
Atemeles, i. 277; see also Smell 

(Ecophthora, see pusilla 

CEcophylla, 1. 144, 307, il. 277-8 
363-4, 375, and see smaragdin. 
virescens 

(Ecophyllini, 1. 144 

Qningen, fossil ants, i. 170 

CERTZEN (von), Messor, 1. 165 

(Ertzeni (Messor), 1. 165, 341, 39 
li, 223240338 

Csophagus, 1. 50, 56, 79 

Oligomyrmex, 1. 35, 141, il. 113, II’ 
207, 291, 306 

olitrix (Azteca), i. 520 

Ontogeny, 1. xlii, 13 ff. 

Onychomyrmex, 1. 63, 157 

opacus (Dorylus), ii. 192 

Ophthalmopone, i. 152, ii. 


991: 29; 
O. Ilgi, ii. 100-1 


INDEX 


Opisthopsis, 1. 144, 157, ii. 308, and 
see Haddoni, respiciens, rufithorax 

orantensis (Leptothorax), 1. 396-7 

oraniensis (Solenopsis), il. 114 

orbula (Solenopsis), ti. 114 


Orectognathus, i. 9, 44, 53, 156-7, | 
160; O. sexspinosus, li. 293 
orientalis (Cataglyphis), i. 307, 396, 


ul. 85-9 
orientalis (Dorylus\, 11. 195 
ornata (Polyrhachis), P|. X1Ib 
Orpheus (Polyrhachis), ii. 285 
Orthonotomyrnex, s.-g. of Camponotus, 
see /ateralis 
Osmia, egg-laying, 1. 22 
Otomyrmex, s.-g. of Cataulacus, 
vestrii, 1. 170, ll. 293 
Ovaries, i. 36, 90-1, Fig. 18 
Oxygyna, s.-g. of Cremastogaster, 1. 
35-6, 433, ll. 305, and see Emme, 


Sil- 


=a) 5) 


Papuan fauna, 1. 149, 155-7; Papua, 
New Guinea, ants of, i. 149, ae 
155, 362 

Parabiosis, 11. 88, 103-9 

parabiotica (Cremastogaster), ii. 104-5, 
108-9, Fig. 99 

parabiotica (Dolichoderus), ii. 103-5, 
108, Fig. 99 

paradoxus (Camponotus), ii. 
290, and see janitor 

Paraformica, s.-g., 1. 158; P. Emme, 
ma. 99 

Paraglossa, 1. 48-50 

Paraguay, ants, 1. 152, 220, il. 294 


287-8, 


| Parapheidole, ii. 306; P. oculata, i. 548 


Ranavalone 
Oxyopomyrmex, 1. 141, 158, 341, 
405; 71. 208; .20G;.-229, aud” see | 


Goniomma, Krueperi, Santschii 


Pachycondyla, i. 88, 300, and see 
enea, harpax 

Pachysima, i. 462-3, ll. 302-3 

Pardaleas 1: 402, i, F235 E17, 302, 
and see Escherichi, termitolestes 

Pain, sensation of, i. 186, 211-12 

Palearctic ants, i. 149, 154, 157-60; 
in amber, 1. 172; slavers, il. 124 

Paleoponering, \. 136 

pallide-fulva (Formica), ii. 127, 130, 


149, and see fuscata, incerta, 
nitidiventris, Schaufussi 
pallidula (Pheidole), 1. 295, 394; 


549, il. 89-90, 112, 209, 218, 235, 


fo) 
ee (Stigmatomma), il. 29 
Palpi,.t. 47-8553; 13072,.734,, 209, 
473, 482-3 
Paltothyreus, 1. 152, and see tarsatus 
Papille, i. 48, 117, 189, 210 


| Parthenogenesis: 


Paraponera, 1. 150 
Parasitism, 1. 10-11; by guests of 
ants, i. 265, 310-16; of ants on 
termites, 1. 462; of ants on ants, 
1. 524 ff; and degeneracy of 
worker, 1. 20, 32, 134, 536-9, 
544-4, 547, UM. 113-15, 117, 128; 
a9 microgyny, 1. 35; ieee 
. 305; social, see Adoption of 9; 
see also Lestobiosis 
parsis (Polyrhachis), ii. 284. 
general, 1. 


il. 316; in ants, i. 15, 443-4 


I4-15, 


| parvicella (Polyrhachis), ii. 285 
| Patagonia, ants, i. 149, 159-60 


Paths and tunnels, i. 368-9, 486-9, 
ll. 183- 4, 188, Fig. 89; of fungus- 
growels, ll. 242, 247-8 

Patriotism, il. 344 

Paussidz, various, as guests, 1. 
295-7, 396 

Pedicel, 1. 64-7, 130-1, 134 

Pedunculate bodies, i. 110-13, 247-8 

TT hag gg (Camponotus), 1. 234, 

F Ov saia. “7G sensations, Ie: 
aa and friendship, ll. 30-9, 533 
guests, parasites, 1. 290-1, 313-14; 
nest, 1. 342, 345 


27%, 


Perfectibility of man, ii. 327-30, 
539-45 : ‘ 
PERGANDE, on parasites, 1. 314, 548 
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Pergandei (Epacus), i. 548 

Pergandei (Formica), il. 127-8 

Pergandei (Messor), i. 482 

Pergandei (Solenopsis), 1. 401 

PERINGUEY, on guests, 1. 264, 297 

Peritoneum, 1. 96 

PERKINS, Hawaian ants, 1. 167 

perplexus (Hamitermes), il. 382 

PERRIER (Edmond): Earth before His- 
tory, il. 390 n.; on instincts, 11. 
383 n. 

PERRIS, on hearing, 1. 216-17 

PETCH (J.), on termites and fungi, 
li. 357 

Petiole, i. 56-7, 64-7, 71, I10, 130-2, 
134 

Phacota, i. 158, 533-4; P. Noualhieri, 
1. 534; P. Sicheli, 1. 533-4 

Pharaonis(Monomorium),i.166-7, 11.84 

Pharynx; 1) 475) 505) 79) 235 

Pheidole, i. 6, 9, 141, 155-6, 158-9, 
396, 404, ll. 306-7; anatomy, 
Uae 345e237, ll OR a 2 OL se atocts, 
i. 304; nests, 1. 345; and Lycenids, 
i. 510; lestobiosis, war, ll. I13, 
2163; harvesting, H.9209, 218, 
224-5; door-keeping, ii. 292; see 
also Anastasii, Anisopheidole, Bergi, 
calens, cellarum, Ceres, coloradensis, 
commutata,  Elasmopheidole,  in- 
quilina, instabilis, lamia, longiceps, 
megacephala, melancholica, minutula, 
obtusopilosa, pallidula,  pilifera, 
preusta,  providens,  punctulata, 
Sykesi, symbiotica, taurus, termito- 
bia, vallifica 

Pheidologetini, 1. 141, 462, li. 306 

Pheidologeton, i. 33, 156, 237, 310, 
li. 209, 219, 291;. 300,83 74502 0@y 
and see diversus 

Philippine Is.: ants, i. 149, 154, 160; 
Lycenids, i. 513 

Phorids, as parasites, i. 313-14 

Photodermatic sense, i. 227-9 

Phylogeny, i. xxxvii, xlii, 1-12, 148 fF; 
in relation to ontogeny, i. 18-19; 


INDEX 


of & i. 33-4; ergatogynes, i. 36-7; 
Gy 1°38; guests 207 

Phyracaces, 1. 137, ll. 300; Pia 
gularis,\. 57 

Physocrema, s.-g. of Cremastogaster, 
i. 107, il. 304, and see arcuata, 
deformis, inflata, Montexumia 

picea (Aphenogaster), 1. 432, 490, 
ii. 226; Pig. 76 

picea (Formica), 1. 
484, il. 65, 311 

pictus (Camponotus), 1. 234, ll. 34 

pi£Ron: on colonies, 1. 418; podometric 
sense, i, 212 

Pigeon, carrier, orientation, i. 186 

pilifera (Pheidole), i. 547; x. colora- 
densis, i. 548 

pilosa (Cremastogaster), 1. 369, 501 

pilosula (Myrmecia), il. 313 

pilosum (Apterostigma), ii. 255, 257 

Pits in chitin, 1. 71-2 

Pittieri v. emarginatisquamis (Azteca), 
1. 256 

Plagiolepidini, 1. 85 

Plagiolepis, i. 56, 304, ii. 311, and 
see custodiens, Foreli, foubertt 
longipes, pygmaea, Triment 

Planatus (Camponotus), ii. 108 

Planimyrma, s.-g. of Aphenogaster 
Thapag, Vl, Ake 

Plants, trees: phylogenetic adaptatior 
to life in, 1. 150, 157, 257; useum 
to ants, i. 249-60; nests in, i 
251-6, 342-64, 367, 371, 402 
485, il. 106-7, 307-9; tree ants 
ii. 308; used by fungus-growers 
il. 254-5, 259; Aristida harvested 
i. 257, li. 228, 230; protected by 
ants, 1. 259, ll. 303, 333; harmfu 
to ants, 1. 261 

Plastic activity, adaptation, i. 18 a 

PLAUTUs, on harvesters, il. 208 

Play, i. 298, 468-9, ii. 73 

Plectroctena, i. 152 

PLINY, ON granaries, i. 379 ; 

PLETZ, on Lycenids, i. 508 


345, 365-6, 478, 


INDEX 


Podometric sense, i. 212 

Podomyrma, i. 142, 153, 156; aéd- 
dominalis var. pulchra, P\. Ua 

Pogonomyrmex, i. 141, 151, 159, 249, 
401, il. 229; harvesting, ii. 209, 
225-6; nests, 1. 341-2, 479; nuptials, 
1. 414, li. 229; poison, i. 98; 
stridulation, i. 218; see also dadius, 
barbatus, californicus, Ephebomyr- 
mex,  imberbiculus,  molefaciens, 
occidentalis, rugosus, subdentatus 

Poison apparatus, sting, i. 68-9, 
96-102, ii. 66-8, Figs. 20-1; in 
various ants, i. 132-4, 1433 see also 


Anus (glands and odour), Odour (in | 


offence); poisons of guests, i. 280, 
295-6 

Poisons, action on ants, i. 317-18, 
li. 240-1 

Polyergus, i. 35, 45, 158, ii. 89, 112, 
390 n., and see bicolor, breviceps, 
lucidus, rufuscens, samurai 

polymorpha (Azteca), i. 253, 345 

Polyrhachis, i. 144-5, 150, 153, 
155-6, 158-9; antennary socket, 
i. 52; spines, ii. 99; synechthrans, 
i307; ests weaving, 1. 358, 
366-7, ll. 62, 99, 282-3; see also 
arachne, arcuata, bicolor, caulomma, 
ceylonensis, ceylonica, Chario- 
myrma, Cyrus, Dahlii, dives, 
Frauenfeldi, furcata, Gersteckeri, 
Hedomyrma, hippomanes, Hookeri, 

 Horni, Facobsoni, Ferdoni, Liliane, 
Mayri, Muelleri, multicella, Myrma, 
Myrmhopla, ornata, Orpheus, 
parsis, parvicella, pressa, rastellata, 
relucens, Schang, scissa, simplex, 
Solmsi, spinigera, thrinax, tibialis, 
Ypsilon, Zopyrus , 

manera. Ie 275 129, 100,01. 390 at. 
and see coarctata, Eduardi, erga- 
tandria, punctatissima, trigona 

_ Ponering, \. 23, 67, 128-30, 135-8, 

Mer 40, 152, 158, 172, ii. 298-301; 

anatomy, i. 65, 81-2, 138, 1433 


435 


DEOOd, «1023; -20-7, 452,616; 
poison apparatus, i. 98, ii. 66; 
antiquity, 1. 2-3, 135, 171; food, 
4575504, 1.199, 1845 nests, i. 371; 
colonies, 1. 429; stridulation, i. 216, 
218 

Portugal, ants, 1. 168 

Postpetiole, i. 64-8, 
138-9 

predator (Eciton), i. 225, 298, 300, 
364, 369, 489, il. 198-9, 201, 204 

preusta (Pheidole), i. 332, 479, il. 307 

pratensis (Formica), wild field ant, i. 
XXXVi, 32, 258, 393; sight, 1. 220-1, 
Piss X X11, Bigs. 75,78, 83; 
97-8; smell, 1. 191-4, 199-200; 
taste, 1. 189; effect of poison on, 
i. 319, i. 66; brood, i. 28-9; 
colonies, nests, 1. 345, 365, 368-70, 
429-32, 444, 467, 483-4, 487; 
migration, transport, paths, 1. 464, 
487-8; guests, 1. 40, 273, 275, 277, 
285-6, 301, 525-30; alliances, ii. 
2-4, 7-25; wars, li. 59, 64, 68-73, 
78-9, 82-5, 89, 93-4, 331-25 as 
slaves, 11. 125-6; play, 1. 468-9 

‘Pre-ant,” 1. I-2 

PRELL, on Megaloponera fartems, il. 101 

Prenolepidini, 1. 144 

Prenolepis, i. 85, 158, 502, il. 66, and 
see imparis, longicornis, nitens, 
Nylanderia, vividula 

pressa (Polyrhachis), 1. 357, ll. 283-4 

pressilabris (Formica), 1. 119, 3933 
nests, colonies, 1. 365, 370, 4313 
alliances, ii. 16, 58, 83; wars, 
ii. 83-4; as slaves, 11. 126 

Prionogenys, 1. 157 

Prionopelta, i. 156 

Pristomyrmecia, sg. of Myrmecia, 
i. 46, ii. 312-13; mandibularis x. 
aureorufa, P\. Ib 

Pristomyrmex, 1. 
dibularis, i. 71% 

Proatta, i1. 264 

Probalomyrmex, 1. 152 


iin UDB, 


155-6; P. man- 


4.36 


Procamponoting, \. 143 

Proceratini, 1. 136-7 

Proceratium, ii. 63, 312 

processionalis (Leptogenys), il. 101-2 

Procryptocerus, 1. 150, and see spini- 
perdus 

Prodiscothyrea, \. 157 

Prodolichodering, 1. 143 

Prodoryling, 1. 128, 137, 140-1 

Proformica, s.-g., 158, and see Kraussi, 
nasuta 

Prolasius, i. 9 

Promyrmicing, \. 141, il. 302 

Pronotum, i. 54, 71 

Property, 11. 63, 329, 331 

Proponering, 1.67, 136 

Proscutellum, 1. 55 

Prosternum, 1. 54, 56 

Prostitution, and disease, 1. 416 

Protaneuretus, 1. 172-3 

Proteus anguinus, eyes in, 1. 17-18 

Protoblattoids, termites related to, 
ll. 390 n. 

Protoplasm, 1. 14, 76-8, 100, 104, 10g 

providens (Pheidole), ii. 224 

Psalidomyrmex, 1. 152 

Psammophores, 1. 31, 53, 74-5, 148, 
162, 338, 480-3, Fig. 11 

Psecadia decemgutella, as cattle, 1. 306, 
Ses 

Pseudogynes, i. 275-6, 291, Fig. 33 

Pseudolasius, 1.155, i. 291 

Pseudomyrma, 1. 141, 150-1, 252-3, 
371, 515, ll. 106-7, 302-3, and see 
acanthobia, arboris-sancte, Beltt, 
Chodati, Cordie, dendroica, elon- 
gata, filiformis, fulvescens, gracilis, 
Kuenckeli,  migrocincta, sericea, 
spinicola, subtilissima, symbiotica, 
Tachigalie, Triplaridis, Ulei 

Pseudomyrmini, 1. 516, il. 301-3- 

Pseudosysphincta, 1. 152 

Psychology of ants, i. 242-8 

Psyllids, as cattle, 1. 505-6 

Puberula (Formica), ii. 127-8 

Pubescence, i. 73-5, 209 
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pulchra (Podomyrma), Pl. Ua 

Punctation in chitin, i. 72 

punctatissima (Ponera), 1. 409 

punctulata (Pheidole), 1. 548 

punctulatus 1. termitarius (Campono- 
tus), il. 107 

pusilla (ecophthara), identified with 
Pheidole megacephatla, \. 167 

PUTON, on Te¢tigometra, 1. 506 

Pygidium, 1. 70 

pygmea (Plagiolepis), 1. 394 

pyramicus (Dorymyrmex), 1. 
148, Fig. 17 

pyriformis (Myrmecia), 1: 312 


es 


quadriceps (Camponotus), 1. 256, 362 

quadriformis (Cremastogaster), ll. 116 

quadriglume (Eciton), il. 204 

quadripunctatus (Dolichoderus), i. 362, 
ll. 106 

quadrisectus (Camponotus), 1. 513, 523 

Quarantine, 1. 270-2, 277, 262-5 
288, 427 


RABL-RUECKHARDT, on brain, 1. ITI 

RACIBORSKI, On use of ants in Japan and 
China, 1. 259 

Radobo}j: fossil ants, 1. 170; termite 
ll. 390 n. 

Ranavalone (Cremastogaster), 1. 356 
486 

RANVIER, ON menisci, 1. 229 

rapax (Camponotus), 1. 161 

rapax (Eciton), i. 196 

Raptiformica, s.-g. of Formica, i. 441 
451 n., and see aserva, munda 
obtusopilosa, Pergandei, puberula 
rubicunda, sanguinea, subintegra 
subnuda 

rastellata (Polyrhachis), ii. 284 

RATZEBURG, ants, trees, and Bostrichus 
28 Saas 

Ravouxi (Formicoxenus), i, 530 

Reason, reflection: in ants, i. 243-8 
and see Memory (individual), Brain 


Ay . 


INDEX 


intelligence as origin of instincts, 
ll. 382 ff. 

recedens (Leptothorax), i. 394 

Red ant, see Myrmica 

Redemanni (Termes), ii. 355, 358, 361, 
362 n. 

Reflexes, 1. 238-9 

Regurgitation of food, i. 79-80, 
235-6, 457, 514-17; il. 99-100, 
Figs. 79, 82; to guests, see Sym- 
philes; to parasitic ants, i. 531-2, 
5373 by slaves, li. 132, 149-50: 
Pheidole, ii. 235 

REH, On ants in ships, 1. 166 

REHBINDER, Stronmgylognathus, 1. 10, 
‘. 155-6 

Rehbinderi (Strongylognathus),1. 10-11, 
ll. 155-6 

REICHENBACH (H.), on parthenogene- 
SiS, 1..15, 443 

REITTER, On guests, 1. 264 

Religion, 11. 345, 351-2 

relucens (Polyrhachis), ii. 285 

respiciens (Opisthopsis), Fig. 3F 

Respiration, organs of, 1. 55, 93-4 

Rest, 1. 446-7 

Reticulations, 1. 72 

Réunion I.; ants, i. 
1. 168 

REVELIERE, Lepranilla, 1. 207 

Revelierei (Leptanilla), Fig. 109 B-C 

rex (Camponotus), Pl. [Xb 

Rhagomyrmicing, 1. 142, il. 293-7 

Rhizomyrma, 8.-g., 1. 156 

Rhogmus, s.-g. of Dorylus, i. 140, 152, 
lil. 193; R. fmbriatus, il. 194-5 

Rhopalomastix, 1. 155 

Rhopalothrix, 1. 151, 156, i. 
R. Simoni x. spei, ii. 297 

Rhytidoponera, 1. 156 b 

Richteri (Solenopsis), 11. 88-9 

RIDLEY, On weavers, il. 278 

rimosus (Cyphomyrmex), i. 263 

Roentgen rays, ants no reaction, 1. 230 

ROGER: on Camponotus, 1.127; Phacota, 


1. 533-4 


1§3; invaders, 
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Rogeri (Mystrium), Fig. 3A 
Rogeria, i. 156; R. Foreli, ii. 88 
ROMAINS (Jules), Vision  extra- 


rétinienne, Eyeless Sight, i. 229-30 


| ROMANES, On instincts, iil. 383 n. 


ROSEN (Kurt von), Fossilen Termiten, 
il. 390 n. 

ROTHNEY (James): Notes on Indian 
Ants, on toilet, 1. 455-7; on ants 
used against termites, i1. 380 

Rottenbergi (Leptothorax), i 
ll. 114 

ROUGET, on Tettigometra, i. 506 

ROUSSEAU, On corruption of man by 


society, li. 345 


396-7, 


| rubescens (Formica), i. 126, 162, 366, 


ll. 140 
rubicunda (Formica), 1. 301, 438-9, 
ll. 127-30 


rubida (Myrmica), i. 92, 277, 288-9, 
333, 393,409, 491, 530-1, 11. 66, 89 

rubra (Myrmica), i. 35, 120, 159, 
276-7, 290, 298, 396, 411-13, 
479, 494, ll. 29-30, Fig. 71 

rufa (Formica), 1.159, 393; generative 
organs, 1. 92; memory, i. 2133 
sight, 1. 221; odour, poison, 1. 237, 
i, 60-7; nest,1. 365-8, 370-1, 
483-4; colonies, 1. 427-8, 430-2, 
4445 nuptials, 1. 416; migration, 
i. 463-4; aphids, 1. 502; paths, 
i. 488; play, i. 469; door-keepers, 
a O1,292; guests, 1. 40, 273, 276, 
279-81, 285-7, 301, 304, 306-8, 
408, 525-6, 530; transport of seeds, 
in25 0; protect trees, 1. 258, 11.3335 
war, ll. 66-7, 89; and Solenopsis, 
ii. 112; and F. sanguinea, il. 126; 
and birds, i. 99 

rufa (Solenopsis), il. 224 

rufescens (Dolichoderus), i. 108-9 

rufescens (Polyergus), 1. 144, 393, 
Hie 431-2, Pl.-IlIk-o, Figs. 43-4, 
105, 106A-B; ergatogynes, 1. 365 
hermaphrodites, i. 321-3; man- 
dibles, ii. 131, 133; memory, 
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reason, i. 213-14, 245, 248; 
nuptials, i. 416; colonies, 1. 434-7; 
441; war, li. 61, 75-8, 90-3, 123, 
132-3, 1453 as slavers, Vere 7a 
li, 9130-47; seucciseg 1209, 5 27; 
in F. sanguinea nest, uu. 126 

rufibarbis (Formica), Fig. 106; mind, 
memory, i. 245, 248; hermaphro- 
dite, i. 323-4; nest, 1. 478, li. 140; 
adoptions, 1. 434, 437» 439-403 
guests, 1. 274, 276, 281, 284-5, 
287-8, 306; in alliances, i. 2, 
g, 12; attacked by F. pratensis and 
sanguinea, \i. 19, 21; plundered by 
Solenopsis, ii. 110; enslaved, il. 
123-6, 131, 140-5 

ruficornis (Camponotus), Pl. X1Ila 

rufithorax (Opisthopsis), li. 308 

rupiventris (Vollenhovia), Pl. Ub 

rufonigra (Sima), i. 268, 302, ll. 219, 
302-3, Pl. [Va 

ruginodis (Myrmica), 1. 201-2, 345 

Rugosity, 1. 71 

rugosus (Pogonomyrmex), il. 226 

ruidum (Ectatomma), i. 403 

rupestris (Aphenogaster), 1. 365, 399 

ruspolii (Cremastogaster), 1. 255 

RuzsKY, Myrmoxenus, 1. 534 

RYNER (Han), Homme fourmi,1. 448 


sevissima (Solenopsis), il. 113 

Sagitte, 1. 69 

SAHLBERG, on Lomechusa, 1. 285 

Saint Helena I., invaders, i. 167 

Salamander, coloration, 1. 17 

saliens (Strumigenys), i. 297, 314 

Salivary duct, 1. 48; gland, see under 
Glands 

Salomonis (Monomorium), i. 304, 417, 
479, 544-6, 11. 84, 87-8, 380, and 
see indicum, subnitidum 

SAMPAIO, on Atta sexdens, 11. 264 

samurai (Polyergus), il. 150 

Sandwich Is., see Hawaii 

sanguinea (Formica), 1. 393, 401, 
45 Tom, Het 2 40412750 bigs a3 san OO: 


intelligence, 1. 247, ll. 119, 1453 
language;.1. 241; smell, “42 260; 
sight, 1. 228, 230; egg-laying, i. 451; 
colonies, nests, 1. 345, 366, 370-1, 
438-41; guests, 276-7, 279, 281-7, 
290, 298; alliances, ll. 2, 7-25; 
wars, ll. 8, 59, 70, 72, 78-9, 82-3, 
gI-4; as slavers, ii. 119-30; effect 
of slave-making on anatomy, i, 
131-2; effect of rain, il. 179; see 
also aserva, obtusopilosa, mie 
rubicunda, subintegra, subnuda 

sanguinea (Myrmecia), il. 313 

sanguineus (Iridomyrmex), ii. 382 

SANTSCHI, 1. 402; apparatus, 1. 387-8; 
on Camponotus, 1. 127; Cardio- 
tiege 1. 408; Cataglyphis albicans, 
ii. 87; colonies, i. 433; Doryline, 
i. 409; Dorylus, 11. 194-5; harvesters, 
ll. 229; Leptanilla, 1. 1393 nests, 
1. 341, 480-3; nuptials, i. 417-18; 
Oligomyrmex, il. 207; Oxyopomme 
mex, i. 68; Plagiolepis Foreli, i 
169; psammophores, i. 31, 74, 
338; sight, i. 231; transport, i. 465; 
wars, il. 87-8; Wheeleriella Sant- 
Schii, 1. 544-6 

Santschiella, 1. 135, 153; 8. Kohli 
il. 309 

Santschii (Acromyrmex), ii. 260 

Santschii (Oxyopomyrmex), ii. 229-30. 
Fig. 293 

Santschii (Wheeleriella),i. 442, 544-6 
Fig. 74 

sardoa (Aphenogaster), ii. 114 

Saturnia: caterpillars, i. 15; smelt 
1. 196 é‘ 

Sauba, see Atta 

saussuRE (Henri de), on Mystrium 
i. 1-2 

savaceE (T. S.), Rev.: on <Anomma 
li. 96, 190-2; Doryline, i. 138, 41° 

SAVI, On guests, 1. 264 

scabriceps (Monomorium), i ile 22402) 

scabrinodis (Myrmica), i. 169, 317-18 
500-1, il. 79-80, 130, Fig. 7 


— 


we 
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Scandinavia: ants, i. 5, 158, 162, 


164, 394, ll. 124, I51-2; guests, | 


| sennaarensis (Euponera), ii. 382 


Te telat 

Scape, 1. 52, 116, ii. 56-7 

Scapula, i. 54, 56 

Schang v. parvicella (Polyrhachis), 
li. 285 

Schaufussi (Formica), ii. 127-8 

SCHENCK, On parasitic ants, 1. 535, 539 

SCHIEMENZ, on bees, 1. 421 

Schmalzi (Solenopsis), ii. 116 

SCHMITT: Eciton, 11. 204; Sympheidole, 
1. $47 

Schmitti (Eciton), i. 91, i. 204 

scHMITz, Father: ant from Jerusalem, 
i. 549; ants of Madeira, i. 167-8 

Schmitzi (Hagioxenus), 1. 549 

Schoope (Polyrhachis), Pl. XVc 

SCHOUTEDEN, on aphids, 1. 493 

SCHUCKARD, on Dorylus, i. 138 

SCHULTZE, German Consul, on 
Anomma, 1. 140, ll. 192 

scHuLZz (Albert), on Gigantiops, 11. 308, 
314 

SCHULZE: Camponotus, 1. 550; Messor 
denticornis, i. 230 

sCHULZE (W.), on Lycenids, i. 

Schumanni (Azteca), 1. 256 

sCHUPP, on Odontomachus, il. 313-14 

Schwabi (Leptothorax), ii. 382 

scissa (Polyrhachis), i. 285 

Scolopal bodies, 1. 120 

Scrobe, in Rhagomyrmicing, 1. 142, 
li. 294 

Scudder Collection, fossil ants in, 
eZ 1 

scutellaris (Cremastogaster), i. 394-5, 
397, ll. 106, Fig. 100A-C; nest, 
i. 343, 356, 365, 486, 489-90; 
war, il. gO 

semileve (Tetramorium), 1.395 . 

sEMon (Richard): Mzeme, Muemic 
Psychology, li. 398 n.; on mneme 
and heredity, i. xlili, 178, 185, 
ii. 54, 383 

Semonius, 1. 131, 153 
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senex (Camponotus), it. 
textor, 1. 357 


281-2; v. 


Sensations, internal and subjective, 
in LO7, 204 

Senso-motility, equilibrium, muscular 
sense, 1. 186, 210-11 

septemarticulatus (Allomerus), i. 256 

septentrionalis (Acromyrmex), i. 159, 
164, 1. 260 

sericea (Azteca), il. 291 

sericea (Pseudomyrma), see Cordie 

sericeriventris 1. rex (Camponotus), 
Pl. [Xb 

Sericomyrmex, 1. 151, li. 63, 239, and 
see Diego 

SERNANDER, on myrmecochores, 1. 257-8 

serviculus (Leptothorax), i. 534 

Serviformica, s.-g. of Formica,i.451n., 
and see argentata, cinerea, cinereo- 
rufibarbis, fusca, _fusco-cinerea, 
gagates, glacialis, glebaria, neo- 
cinerea, neoclara, neogagates, neo- 


rufibarbis, picea, rubescens, rufi- 
barbis,  subcenescens,  subpolita, 
subsericea 


Sex: determination of, i. 15-16; arti- 
ficial modification of, i. 18-19; 
differences in sexes, i. XxXXvi-vil, 
30 ff., 59-60, 64-5, 67, 69, III-12, 
129-32, 247, and see Eyes, Wings, 
Generation, Hermaphrodites (ab- 
normal) 

sexdens (Atta), 1. 317-18, ll. 264-72, 
Fig. 126 

Sexspinosus (Orectognathus), il. 293, 
PIV te 

Seychelles Is., ants, i. 149, 153 

Ships, ants in, i. 165-9 

Siafu, see Anomma 

Siberia, ants, i. 162 

Sicheli (Phacota), i. 533-4 

Sifolinia, i. 158; 8. Laure, i. 534 

Sight, i. I14-15, 190-4, 200, 207, 
219-32, ll. 187, 190, 243; orange 
invisible, ii. 31; see also Eyes 


440 
silve (Cryptocerus), 1. 345, ll. 295 


Silver desert ant, see Macheromyrma 
SILVESTRI: on Tapinoma and cattle, 
i. 507; Myrmecophila, 1. 305; 


termites, 11. 400 


Silvestrii (Acromyrmex), i. 204, 262 | 
Silvestrii (Cataulacus), 1. 170, il. 293, | 


Fig. 29 

Silvestrii (Drepanotermes), 11. 382 

Sima, i. TA, S05,.u: 303,.and see 
rufonigra 

simia (Cremastogaster), 1. 255 

simillimum (Tetramorium), 1. 167 

Simoni (Aneuretus),\. 261 

Simoni x. spei (Rhopalothrix), 11. 297 

Simopone, i. 153 

sIMPEL, on colonies, 1. 424 

simplex (Polyrhachis), 1. 
322532 
11. 284 

simulans (Camponotus), 1. 550 

singularis (Phyracaces), 1. 57, Pl. Ic 

SJESTEDT: on Cremastogaster, 1. 254, 
il. 94; nests, 1. 359 

Sjastedti (Termopsis), 1. 390 n. 

Slave-makers, 1. 10-11, 32, ll. 119 ff.; 
peaceful slave-making, ii. 164-9; 
language, 1. 240; nests, 1. 370-1; 
colonies, 1. 434-43; revolt of slaves, 
li. 146; slavers steal <Azemeles, 
27 

smaragdina ((Ecophylla), ii. 280-1, 
359, 399 n., Figs. 128-31, 133B 

Smell, sense of, 1. 190-209, 219, 226, 
232; organs and nerves, 1. 52-5, 
74, Ly 1O, Figs 23: in antennal 
language, 1. 240; effects of poison 
on, 1. 318-19; and friendship, i. 27 
ae 


158, 268, 
767, Pl. LV ey esprervera, 


SMITH (F.): on Camponotus, 1. 127; 
Eciton, 1. 138, 1. 198; fossil ants, 
1 1jas Ty pelatia Wt. 140, us 205, 
Cremastogaster (Physocrema), ii. 
Be) 

sMITH (W. W.), on coccids, 1. 503 

Smithii (Mycocepurus), ii. 260-1 


INDEX 


| Snakes, Azomma attacks, il. 191 


Solenopsidini, 1. 141, ll. 306 

Solenopsis, i. 314, 367-8, 396, 415, 
il. III, 113-14, 200, sancmuce 
amazxonensis,  brevicornis, fugax, 
geminata, globularia, J/atro, Lou, 
molesta, oraniensis, orbula, Per- 
gandei, Richteri, rufa, sevissima, 
Schmalzi, tenuis, Weiseri 


Solmsi v. multicella (Polyrhachis), 
1. 285 

soLOMON, K., on harvesters, 1. I41, 
379, ll. 208 


Solomon Is., see Oceania 

Sommeri (Camponotus), i. 290, Fig. 
37 

sordidula (Cremastogaster), 1. 395-6 

SORET, On perception of ultra-violet 
rays, 1. 227-8 

SPARRE-SCHNEIDER, on ants in Norway, 
1. 164 

specularis (Formica), \. 431 

SPEGAZZINI, on fungi of Aftini, 1. 273 

spei (Rhopalothrix), ii. 297 

SPENCER (Herbert), on relational 
senses, 1. 204 

Spermatozoa, i. 13-14, 89-90, 93 

Sphinctomyrmex, 1. 137, 157 

Spider: equilibrium, 1. 200; as guest, 
i. 265, 307; fighting ants, ii. 98; 
Anomma attack, 11. 198 

spinicola (Pseudomyrma), i. 254-5, 
309 

spinigera (Polyrhachis), 1.284 - 

spiniperdus (Procrypterus), i. 254, 36¢ 

splendidus var. viridiventris (Calo- 
myrmex), Pl. 1Xa. 

Spur, 1; 62-35 128,51 30, 132 

sT#GER (Robert): Erlednisse mit In- 
sekten, on play, i. 469; on Formi- 
coxenus nitid., 1. 529-30; Lasiu. 
flavus, 1. 4973 nests, 1. 362 

Stambuloffii (Cardiocondyla), i. 39, 408 

STANDFUuss, on coloration of butterflies 
i. 17 

Stanleyuli (Azteca), i. 256 


INDEX 


Staphylinide beetles: as guests, i. 
298-300; Doryline war with, ii. 
193-4; see also Atemeles, Dinarda, 
Lomechusa 

Starvation, effects of, 1. 233-4 

Stecomyrmex, 1. 404 

STEINACH, on modification of 
1. 18-19, 325 

Steinheili (Cremastogaster), ii. 84 

Stenamma, i. 158, 277 

Stenomyrmex, 1. 345 

stercorarius (Camponotus), i. 365 

Stereomyrmex, 1. 155 

Stictoponera, s.-g. of Ectatomma, i. 155 

Stigmacros, s.-g. of Acantholepis, i. 157 


sex, 


Stigmatomma, i. 46, 150, 395; 8. 
pallipes, 11. 29 

Sting, see Poison apparatus 

Stipitum (Neoponera), 1. 404, il. 
299 


STOLL (Otto), Geschlechtsleben i. d. 
V ilkerpsychologie, ii. 343 

Stomach, individual, i. 87, Fig. 14 

streblognathus, 1. 152 

Dieser tebe o, f9ies, 257 

striaticeps (Messor), i. 294, ll. 231 

striatidens (Triglyphothrix), i. 168 

Stridulation, 1. 66, 68, 215-18, ii. 73; 


in larve, 1. 515; in various ants, 


ie 2891S %, 144-5, 137, 14. 101 
strigatus (Cyphomyrmex), 11. 258 
Strigilators, 1. 299, 305 
Strobeli (Eciton), ii. 204 
Strongylognathus, 1. 35, 45, 142, 

158, 442, 535-6, ll. 164, and see 

afer, alpinus, Cecilie, Christophi, 

Huberi, Rehbindert, testaceus 
Struchii (Termes), 11. 400 
structor (Messor), i. 333, 341, 394-55 

USS, 200,-21 2, 214, 216,218 
Strumigenys, i. 66, 73, 160, i 114, 

297, and see Cephaloxys, saliens 
STUMPER (Robert): on Formicoxenus 

Hiltd., 12740, 367, 408, 526-93 

glands and odour, i. 237; play, 

i. 469 
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subenescens (Formica), ii. 127-8, 
148-9 

subdentatus (Pogonomyrmex), ii. 226 


subintegra (Formica), i. 439, ii. 127-8, 
130 

sublevis (Harpagoxenus), i. 394, 441, 
li. 151-3, Fig. 73 

subnitidum (Monomorium), 1. 

6 

subnuda (Formica), ii. 127-8 

subpolita (Formica), i. 127-8 

subsericea (Formica), Fig. 76; memory, 
i. 246-7; nests, 1. 478; colonies, 
1. 431, 438-9; guests, 1. 298; 
alliances, ii. 29; odour and friend- 
ship, ii. 36-8; as slaves, ll. 127-30, 
148-50; starvation, 1. 234 

subterranea (Aphenogaster), 1. 365 

subterraneus (Acromyrmex), il. 247, 
2455-254 

subtilissima (Pseudomyrma), 1. 255 

Succursals, pavilions, i. 349, 358, 
369-70, 499-502, Fig. 92 

sulcinodis (Myrmica), 1. 394 

Sumatra, see Sunda Is. 

suMICHRAST, on Ladidus and Eciton, 
lout 30; 11..205 

Sunda Is., ants of, i. 149, 154, 461, 
6425-1.) 195% Borneo, 1.4155, $22, 
ta Goo; Celebes, a. 156; fava, 
i. 303, 310, 353-4, 357-8, 367, 
ie 62,293, 283-0; Sumatra, 15-7; 
hh, Bae 

Swammerdami (Aphenogaster), 1. 296, 
ii. 106; var. curta, Pl. 1Vg 

Switzerland: ants, i. 5-6, 146, 162, 
199, 227, 321, 323, 393-45 401, 
419, 439, 469, 490, 525-6, 534-7, 
GA2-35 #550,. U0 79-45 100, 0130, 
Pp ri EO Gey ees meer acter rs 
guests, i. 297, 306; invaders, 
i. 166, 169; Lycenids, i. 508, 
510-13; nests, 1. 335-9, 343, 345, 
347, 362, 370, 489-90; Psecadia, 
i 03 

sYKES, on harvesters, ii. 209, 224 
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Sykesi (Pheidole), i. 333, 479, il. 224, 
3°7, 

sylvaticus (Camponotus), 1. 395 

Symbiosis,1. 250 ff., 1. 259 

symbiotica (Pheidole), i. 548 

symbiotica (Pseudomyrma), i. 252, 361 


Symmyrmica, 1. 141, 159, and see 
Chamberlini 
Sympheidole, 1. 141, 159, ll. 306; 


8. elecebra, 1. 547 
Symphiles, 1. 265, 268-77, 281-91, 
294, 296-7, 299-302, 305, 530 ff. 
Syndiacony, 1. 257-60, 263, 492 ff, 
il. 107 
Synechthrans, i. 265, 269, 279-80, 
298-9, 301-2,307,andsee Lestobiosis 
Syneeketes, 1. 265, 269-70, 277-9, 
294, 296-9, 301, 306-7, 525-30 
Synsolenopsis Bruchi, i. 549 
Sysphincta, i. 312 


Tachigalia (Azteca), i. 256 

Tachigalie (Pseudomyrma), i. 256, 
i132 

“Tak’ ant, see Odontomachus 

Tapinoma: anatomy, 1. 132, li. 65; 
poison-odour, 1. 66, 133, 143, 237, 
and see under Odour; larva, i. 24; 
nuptials, i= 416s; “war, N77, 
118; parabiosis, iil. 107;  lesto- 
biosis, ii. 113; migrations, i. 463-5; 
adopt Bothriomyrmex, i. 433-43 
guest, 1. 507; see also erraticum, 
Heyeri, melanocephalum, nigerrimum 

Tapinomini, i. 143 

tarsatus (Paltothyreus), i. 237, il. 382 

Tarsus, i. 62-4, 210, 471, 473 

Taste, sense and organs of, i. 47-8, 109, 
117, 187-90 

Taucca, same as Eciton, ii. 196 

taurus (Pheidole), i. 88 

Technomyrmex, 1. 132; T. bicolor r. 
textor, il. 286 

Temnothorax, s.-g. of Leptothorax, 
i. 398, and see Axntigoni, recedens 

‘Temperature, sensation of, i. 215 


INDEX 


tennesseensis (Aphenogaster), 1. 432 

Tenthredo, larva, 1. 124 

tenuis v. Weiseri (Solenopsis), 1. 549 

Terataner, i. 153, 156 

Termes, i. 384, 388, 390, 392, and 
see bellicosus, convulsionarius, Horni, 
Lilljeborgi, natalensis, obscuriceps, 
Redemanni, Struchii 

termitarius (Camponotus), ll. 107 

Termites, ‘white ants’: 11. 353 #.; 
anatomy and sexual differences, 
i. XXXVil, 15-16, U1. 353-5, 357=0: 
363, 365, 370 375-9» 391-4, 397; 
399-400; brood, i. xlv, 21, 26, i 
353-4, 370-1, 377-93 language, 
ii. 399-400; fungus- growing, il 
356-7, 388-9; swarming, ll. 360 
nests, ll. 355-9, 365-7, 369-71 
376-8, 385-8; power limited tc 
nest, il. 336; guests, 1. 308-9 
expeditions, il. 370-5; wars with 
termites, il. 372; wars with ants 
li. 353, 355, 360-4, 368-9, 375 
380-2; preyed on by ants, i. 462 
li. 99-102, 104, 113;) 11 Sam 
205-6, 299-300, 302, 315; nest 
stolen by ants, i. 367, il. 308 
parabiosis with ants, 11. 107; fossil 
ll. 390 n. 

termitobia (Pheidole), i. 116 

termitobium (Monomorium), ii. 116 

termitolestes (Paedalgus), il. 117 

termitophilus (Brachymyrmex), ii. U1 

Termopsis, il. 383-4, 389, 390 n. 
T. japonicus, Sjastedti, Wrough 
toni, il. 390 n.; see also angusticolli 

testaceo-pilosa (Aphenogaster), i. 395 
11.0226 

testaceus (Strongylognathus), i. 10-11 
20, 442-3, 535-9, li. 128, 153, 164 
Fig. 104 

Tetramoriini, 1. 142 

Tetramorium, 1. 304, 368, 393, 41° 
464, li. 126, 307, 334, and se 
aculeatum, cespitum, forte, guineens. 
semileve, simillimum 
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Tetramyrma,i. 152 

Tettigometra, as cattle, i. 506-7 
texana (Atta), 1. 306 

textor (Camponotus), i. 357 

textor (Technomyrmex), ii. 286 
Thaumatomyrmex, 1. 151 

THOMANN: on ants and Lycenids, 


1. 507-13; and Psecadia,i. 306, 513 | 


thoracica v. minor and oasium (Cam- | 


ponotus), 1. 399 
Thorax, 1. 53-7, 110; in different 


SEXES, 1. 30-2, 35-6, 38; in various 
ants, 1. 130-2, 142 

Thorictus, beetle, as guest, i. 291-4, 
397, Fig. 36 

thrinax (Polyrhachis), i. 367, ii. 284-5 

Throat, i. 50 

Thynnus, i. 138 

Thysanura (Lepisma, etc.), as guests, 
130677. ii. 215,.F ig. 37 

Tibia, i. 62-3, 119, 216 

tibialis v. parsis (Polyrhachis), i. 284 

TICKLER, on ants and Lomechusa, 1. 285 

Tococe (Azteca), 1.255 

Toilet, i. 49-50, 62-3, 106, 236, 
455-7, Fig. 78 

Tonduzi (Azteca), i. 256 

Tongue, i. 47-50 

TOPPER, on Myrmecia, i. 300 

TORKA, on Tettigometra, 1. 507 

Tornquisti (Archotermopsis), il. 390 n. 

Torres Str., ants, 1. 157 

Touch, i. 186, 209-11, and see hairs 
(tactile), pain, senso-motility, tem- 
perature 

Trabutii (Leptothorax), 1. 397 

Trachez, 1. 93-4, 100-4 

Trachymyrmex, s.-g. of <Acromyrmex, 
TUG. 115 05470, 11.. $0,230, 200, 
an see arizonensis,  Bugnioni, 
Cornetzi,  Irmgarde, Marthe, 
septentrionalis, turrifex 

Traili (Azteca), 1. 520; v. Tococe, 
1255 

Wranopelia, 1.051, . 113, 110 

Trapexiopelta, 1. 156 
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travians (Coptotermes), ii. 376 

TREAT (Mary), on harvesters, ii. 227 

Treate (Aphenogaster), i. 297 

‘Trees, see Plants 

Trichomes, i. 268-73, 278, 284-90, 
294-5, 298-9, 301-2, 304, 308 

Triglyphothrix, i. 73, 142; T. striati- 
dens, 1. 168 

Trigona (Ponera), ii. 88 

Trigonogaster, i. 155 

TRIMEN, on coccids, i. 502-3 

Trimeni (Plagiolepis), i. 461 

Triplaridis (Pseudomyrma), i. 
li. 302 

Trochanter, 1. 54, 61 

Trophothylax, trophorhinium, i. 515 


2559 


truncatus (Camponotus), i. 362, ii. 
106, 288-go, Fig. 136 
truncicola (Formica), 1. 324, 345, 


30551372, 3935401 


TRYON, on harvesters, iil. 224 


tuberculatum (Ectatomma), i. 403, 
ll. 300 
tuberum (Leptothorax), i. 337, 394, 


UPTGT 

TURNER: On memory, 1. 246-7; stridu- 
lation, 1. 218 

Turneria, i. 157 

turrifex (Acromyrmex), i. 159, 331, 
il. 260 

Typhlatta, i. 139-40, il. 205; same as 
LEnictus, qv. 

Typhlomyrmex, 1. 150 

Typhlopone, s.-g. of Dorylus, 1. 138-40, 
1568 i. 193, and, see" fx/eys, 


juvenculus 


ULE, on gardens, 1. 518-23 

Ulei (Azteca), 1. 150, 519 

Ulei (Camponotus), 1. 255 

Ulei (Myrmelachista), 1. 256 

Ulei (Pseudomyrma), \. 256 

Ultra-violet rays, ant’s perception of, 
1, 227-30 

umbratus (Lasius), 1. 159, 289, 297, 
356, 432, 486, 498-9, 505, Fig. gt 
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universitatis (Camponotus), 1. 


Sine 


vagans (Diacamma), 1. 455-7 

vagus (Camponotus), 1. 342, 345; 394, 
11. 80-1 

vallifica (Pheidole), 1. 332, i. 307 

varians (Cryptocerus), 1. 51, ll. 293, 
295-6, Fig. 138 

varians (Leptomyrmex), 1. 461 


VELASQUEZ, ON poisoning ants, ll. 241 | 


velox (Azteca), 1. 402-3 
venustum (Monomorium), 1. 546 
VETOMESSON, ll. 2OQ, 225 
versicolor (Acromyrmex), 1. 
Vertex, 152 
viaticoides (Cataglyphis), i. 231 
viaticus (Cataglyphis), see orientalis 
victima x. alegrensis (Cremastogaster), 
is 1UCI7A5 LINO) 


159, 479 


vidua (Carebara), 1. 34-5, ll. 114-15, | 


Fig. 103; r. Fumodi, 11. 116 

VIEHMEYER (H.): on colonies, 1. 427, 
431, 439-415 egg-laying, 1. 451-2; 
Lycenids, 1. 508, 513, 523; pseudo- 
gynes, 1. 276; slavers, il. 151-2 

virens (Azteca), 1. 256 

virescens (Hcophylla), ii. 281 

VIRGIL, on harvesters, 11. 208 

viridienea (Iridomyrmex), Pl. Villa 

viridiventris (Calomyrmex), Pl. [Xa 

vividula (Prenolepis), i. 167 

Voeltzkowi (Mystrium),i.67, Pl. XVla 

Pollenhovia, 1. 141, 156; rufiventris, 
Pislib 

Vollenweideri (Atta), ii. 273-5 

Volselle, i. 69 

VOSSELER: on ants protecting crops, 
i. 259; migration of Axomma, i. 


465-7, ii. 179-90 


War, fighting: human, ii. 346-7; 
between ants, il. $9 ff., 337-8, and 
see Alliances, Slave-makers; on ter- 
mites, see Termites (wars, preyed 
on by ants); on other creatures, 


2959 >| 


INDEX 


i. 98-9, 1. 179 ff., and see Synech- 
thrans; defence of nest, i. 454-5. 
and see Door-keepers 

WARNERY, and nest, 1. 346 

WASMANN, Father: artificial nest, 1. 384: 
on colonies, 1. 427-8, 430-1, 
439-42; evolution, i. xl; guests, 
i. 264-7, 269-70, 273, 276-80, 
282-95, 297-8, 300, 302, 307-9; 
social Hymenoptera, 1. 183; lan- 


guage, 1. 239-41, 447-8; lesto- 
biosis, i. III; memory, 1. 245: 
nests, 1. 356, 371, 486; parasitic 


ants, 1. §35-6, 539, 541-3, 548: 
parasites, i. 313; phylacobiosis. 
il. 107; sense of direction, 1. 206; 
slave-making, 11. 125, 155; tropho- 
biosis, aphids, 1. 264, 492-3 

Wasmanni (Apterostigma), i. 255-6 

Wasmannia, \. 151 

Wasp: hearing, 1. 216; memory, 1. 244: 
sight, 1; 222-3, 225-6; smell ay 
202-3, 219; taste, 1. 188-go; ant: 
attack, ll. 197, 295, 331-2 

Water, ants and, 1. 364, 522, ul. 28, 
33-4, 96-7, 138-9, 183-4, and see 
Irrigation 

Weaving, 1. 25, 144, 356-8, 367, 371. 
486, il. 277-86 

WEBSTER, on aphids, 1. 505 

Weiseri (Solenopsis), i. 549 

WEISMANN, on heredity, 11. 383 

Werthi (Camponotus), 1. 160 

West Indies (Antilles, Bahamas, Bar- 
bados, Cuba, Haiti, Jamaica, St 
Lucia, St. Thomas, Trinidad) 
ants, 1. 44, 46, IsSi-2, 160;mr6e 


402, ll. 65, 67; door-keepers 
li. 287-8; fungus-growers, ii. 262 
invaders, i. 167; nests; i. “2n@ 
353, 360, 362, 371 

WESsTWoop: on fossil ants, i. I71 


Typhlopone, i. 138 

WHEELER (W. M.): apparatus, i. 387 
discoveries, i. 401; Axts, i. 123 
ll. 332; Ants of the Baltic Amber 


INDEX 


OMMIOSSHanISe In 71-25 on first 
appearance of ants and mammals, 
11. 336; importance of ants, ii. 332; 
brain, i. 110-13; brood, i. 24-5, 
ive 2s5ueA2 i ACT. At O-003 
Camponotus, 1. 127; circulation, 
1. 94; cleptobiosis, ii. 117-18; 
coccids, i. 501-2; colonies, i. 431- Bc 
437-9; Doryline, 1. 409-10; Dory- 
lus, li. 194; Eciton, ii.*202, 204; 
egocentric and sociocentric planes, 


ie Seker expeditions, 11. 102; 
flask-shaped organs, i. 118; food, 
1. SI4-17, ll. 332; Forelomyrmex, 
i. 161; fungus-growers, il. 262-4; 
gardens, i. 522-3; guests, 1. 264, 
280, 291, 299-301, 304-5; har- 
vesters, i. 257, ll. 225-9; herma- 
phrodites, i. 325; social Hymenop- 
tera, 1. 183; Johnstonian organ, 


1. 120; jumpers, 1. 312-15; Lasius 
latipes, 1. 467-70; Leptogenys, 1. 4733 
lestobiosis, 11. 113-14, 116, 297; 
Membracids, i. 506; Myrmicine, 
‘ 135; nests, 1. 480; nuptials, 
~ 4145 ovarioles, i. g1; Oxygyza, 
- 3055 parabiosis, ii. 106- -93 para- 

2) 1. 311, 315-16; parasitic ants, 
1. 462-3, 530-3, 535-6, 539, 542-3, 
547-9; Ponerine, ii. 298, 300-1; 
Pseudomyrmini, 1. 301; sexes, rela- 
tions of, 11. 337; slave-makers, 11. 
128-30, 148-53, 156-7, smell, i. 
56-8; stridulation, 1.218; Strumigenys 
and Daceton, i1. 297; transport, 1. 
464; wing-muscles absorbed, 1. 422 

Wheeleri (Cyphomyrmex), ii. 258, 263, 
Fig. 122 

Wheeleri (Melophorus), Pl. XV1b 

Wheeleriella, 1. 141, 158, 417, and 
see adulatrix, Santschii, Wroughtoni 

Wheeleripone, i. 156 

‘White ants,’ see Termites 

Wild field ant, see pratensis (Formica) 

witt (F.): on hearing of insects, 
i. 217; taste, 1. 188 


| Wings and apterousness, 1. 


445 


witty, Mrs., on Lycenids, i. 509 

Wilwerthi (Dorylus), i. 41, 140, il. 
192, Fig. 107B 

WP, Bhieie 

55 5 7-0, Nig. 7; im oy 1. 38-40, 

i. 87; m Q, 1. 31-2, 37; im micro- 


gynes, 1. 35; in ergatogynes, i. 36; 
in various ants, 1. 129-30, 132, 
526, 531; effect on anatomy, 


1. 13-15, 30, 54-7, 93-4,-220 ff; 
and nuptials, 1. 39, 406-10, 414; 


muscles absorbed, i. 235, 422, 
ge eae? 
WINKLER, ant-garden, 1. 522 


Winkleri (Camponotus), 1. 522-3 
WOLFF, on bees, 1. 188, 203, 225 


Wolfhuegeli (Dorymyrmex), i. 331-2, 
479 

Woman and man, ll. 337, 343 

Writing, 1.327, 338,342 

WROUGHTON: on ictus, 11. 205-6; 


Harpegnathus, 1. 46, ii. 312; har- 
vesters, 11. 224; hunting of termites, 
il. 299; Lobopelta, i. 37, il. 101-2; 
weavers, ll. 284 
Wroughtoni (Archotermopsis), ii. 386n., 
400 
Wroughtoni (Cardiocondyla), 1. 255 
Wroughtoni (Termopsis), ii. 390 n. 
Wroughtoni (Wheeleriella), i. 546 
wyTsMAN (P.), Genera Insectorum, 1. 


146 
Xenohybema mystés,\. 549 


Xenometra monilocornis, 1. 549 
XenomyrmeXx, i. 107 
Xerothermic fauna, 1. 3, 5-6, 157, 


164, 362, 394 


younG, on F. pratensis colony, 1. 467 
Ypsilon (Polyrhachis), Pl. XVb 


Zacryptocerus, of Cryptocerus, 
see clypeatus 

zoc (Camponotus), il. ee 

Zopyrus (Polyrhachis), 
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